er eee ee ae 
Bane team eney —) wh agit Re A a AG ON Ae Re ig a nd teen mayne ieee 


f 
ti 
' 
i 
i 
: ay 
: e 
; : ; wi r 

; : : a ; » od ue , An ‘ % Hes i 
{ , i iy He y 
i : iD i 

by 
: i ; , ’ ng 
" : : 
; i 


THOMPSON YATES LABORATORIES 


REPORT 


He 
Hy 
ay 


7 


te 


cal 


iy 


* 


oo 


‘> 


ta 


a 


= 


ee 


am 


THE Rev. S. A. THOMPSON YATES, M.A. 


From a Photograph by C. Naudin, Kensington, London, W. 


With the Compliments of the Thompson Yates Laboratories 


The Laboratories will be glad to exchange the Report for similar 


Publications. 


C. S. SHERRINGTON 
RUBERT BOYCE 


A limited number of the Report is for sale, and may be had by addressing the 


University Press, Liverpool. Price 10/6 per annum. 


ot 
' 
baa 
; 


i< 
Oe 
eT T7?. 
MS' 


THOMPSON YATES LABORATORIES 


it 


ee 


Aelishal 


REPORT 
ve 


EDITED BY 


RUBERT BOYCE anp C. S. SHERRINGTON 


WITH THE CO-OPERATION OF 


A. S. GRUNBAUM anp J. MACDONALD E. E. LASLETT anno J. EWART 
PHYSIOLOGY AND CHEMICAL PHYSIOLOGY ANIMAL HISTOLOGY 
J. HILL ABRAM, W. B. WARRINGTON, C. BALFOUR STEWART, A. S. GRUNBAUM, 
C. A. HILL, A. T. MacCONKEY, A. S. GRIFFITH, anp E. E. GLYNN 


PATHOLOGY AND BACTERIOLOGY 


J. F. RYDER W. B. WARRINGTON 


COMPARATIVE PATHOLOGY NEUROLOGY 


RONALD ROSS, H. E. ANNETT, anp R. FIELDING-OULD 


TROPICAL MEDICINE 


E. W. HOPE, E. P. MANBY, anno H. R. JONES 
HYGIENE 


WITH ILLUSTRATIONS AND PLATES 


VOLUME I REPRINTS 


a ancl Refuote 


1898-1899 


AT THE UNIVERSITY PRESS OF LIVERPOOL  1g00 


# v ae L ewe 
: era : 
: | ee 
: > s oe é 
’ ee | ; y 
ale 
; . 
are 
: 3 
a 
‘ ‘ NS 
. 4 - 
\ 
y Ul 
a ‘ 


‘ 

{9 
7 

‘ 
. . \ 
== 
, ‘ * 
‘ 
‘ 
: ; ’ ‘ 

\ 


a AT THE UNIVERSITY PRESS OF LIVERPOOL 
/ No. 6. 500 Copies. May, 1900. 


id - 
‘ 5 
E ‘ 

= ' 

zi ’ 

. : = ’ 
' 4 - 
‘ 
; 
. 
: Je 
Uy - 
i 
PF y 
/ 5 
\ 
> ‘ 
N - 
‘i 
4 F ; 
. , : 
7 - = 
‘ 
i 
j a 
‘ . t i 
: 
‘ , 
: ‘ 
: * 
‘ 
ee 
r a 
J rar 
‘ , 
- P : ee 

S ; : : ; 
ig : repay [ 


PREFACE 


The THompson Yates Lasoratory Reports will be issued half-yearly, or 
oftener, if sufficient material is ready for publication. 


They are intended to promote learning and record Research in the various 


branches of Physiology and Pathology, and thus to carry out the wishes of the © 


Founders of these Schools. / 

Two volumes are now published. The first volume contains the account of 
the opening of the Laboratories in October, 1898, by Lorp Lisrer, P.R.S., who was 
accompanied on that occasion by Professor VircHow and a distinguished gathering 
of Scientific and representative men. An address delivered before the Medical 
Students of University College by the Founder of the Laboratories, the Rev. 
SAMUEL AsHTON THompson Yates, will be also found in the first volume. 

In the second volume reports are given of the various departments which 
clearly indicate the numerous ways in which the University teaching in these schools 
is directly applicable to the needs of the community, including the wide sphere of 
our Colonies, both as regards the prevention and cure of disease at home and abroad 
and the advancement of Commerce. 

Our pect thanks are due to the Council of the Royal Society, to the Council of 
the Royal Medical Chirurgical Society’s Transactions, and to the Editors of the 
‘ British Medical Journal,’ ‘ Lancet,’ ‘ Liverpool Medical Chirurgical Journal,’ ‘ Brain,’ 
‘Journal of Physiology and of Pathology,’ the Committee of the Liverpool School 
of Tropical Medicine, and the Lancashire Sea Fisheries, for kindly allowing us to 


reprint papers which have appeared in their journals. 
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HE New Laboratories for Physiology and Pathology,* that despite some delays have now 
dR reached structural completion, are worthy a dies festus in our University. They rise 

as one symbol of the recent progress of university life and education in this city. “Their 
opening is a more than verbal promise for the future. “They are acceptable as an instalment 
of the realization of that scope and aim which to its founders and benefactors the College 
represents. ‘To increase the accessibility of university education to this modern centre of 
population, and to implant that education in the great communities our century has gathered in 
maritime Lancashire and Cheshire and their ‘hinterland’—this object was the birthright of 
University College, allotted to it even before its actual creation. Here where the mother country 
teams with a rich and active people, and faces the successes of her race in sister cities over sea, 
earnest minds have at our end of the century yearned for a loftier local education for the citizen. 
History has reared her recent growths of labour and capital remote from the old thrones where 
medizvalism and the Renaissance crowned all the higher education for the realm. And more 
than that, the desire for fuller local opportunity for the complete training and thinking of citizen- 
ship, has been whetted on the hard self-knowledge of shortcomings in and apathy towards the 
nation’s effort for its children. Facts are eloquent; the people are becoming aware that the 
renown and the prosperity of the country have, in spite of the boon of a long reign of peace, 
waned under comparative supineness of our governments—supineness in the matter of the higher 
education now requisite for enterprises both of industry and commerce. The day is passed when 
we can speak of the ‘learned’ professions and mean three, in contradistinction to other vocations 
-by antithetic inference ‘unlearned.’ ‘The engineer, the manufacturer, the agriculturist, the 
shipowner, the raiser of stock, the importer of food, the exporter of goods, all these require as 
much, in many cases more, ‘learning,’ than do the members of the old professions, But 
we have in our conservatism been late to recognise this truth. <A rival nation, despite the scourge 
of continental war and the up-keep of armaments far heavier than our own, has by her lavish and 
buoyant university system, supported on the large-handed sympathy of the State, outstripped us of 
late years in progress and invention, especially in the vast industries based on Chemistry. She 


leads the world in medical discovery. “That astute other island race in the Eastern Hemisphere, 


* This description was written for the opening of the Laboratories in October, 1898, and is reprinted by kind permission 
of the Editors of the University College Students’ Journal, the Sphinx, Oct., 1898. 
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that began a quarter of a century ago to send her sons for medical training to ourselves, has changé 
tout cela and sends them to Berlin. Even our own Colonies invoke, when pestilence comes on 
them, the wisdom not of London or of Cambridge, but Berlin. Happily for suffering man and 
beast, and for our own renown, we have in the domain of Surgery the great work of Lister to place 
beside the triumph of Virchow and of Koch, of Pasteur and of Roux. And in regard to this it 
was a sinister sign of our condition that the benefits of Listerism had their wide recognition earlier 
in Germany and France than in England itself. ‘The reason was that the Schools of Medicine 
in Germany were University schools. Their teaching and their studies were bound up with all 
the width of educational view that a university confers, and were linked closely with the far- 
reaching activities of Faculties of Science. In England nine-tenths of the study of Medicine was . 
prosecuted at schools unconnected with any university; isolated from broad and generous 
learning, these remained narrowly technical. They knew little and neglected to know more of 
Chemistry, of Physics, and of Biology. Physiology, the hopeful basis of progress for them, 
divorced from her sister sciences, languished low within them. ‘The English physiologist gave 
himself only to those branches of his study which could be prosecuted with least leisure and with 
least equipment. Hence it comes that to this day in England, with Physiology there is confounded 
Histology, the study of the cell-structure of the human body. One installation, one laboratory, 
and one professor have to satisfy both of the two studies, of which in other countries each 
receives an ample and an independent recognition. Nor, to say truth, has the more intimate 
fusion of the two been without some happy results, traceable although it is to causes blame- 
worthy in the schools. 

Things are now changing for the better with us. They must change still more if, as the 
fields of knowledge ripen under the ceaseless husbandry of the world’s thought, our nation is to 
join others in the reaping of them, and not merely to glean where the more powerful have 
reaped, All this is well exemplified by two arts to which Physiology and Pathology stand in 
the most important and immediate connection—the art of Medicine and the art of Brewing. 
For centuries empirical, and less affected by the Renaissance than were the literary arts, Medicine 
has in the last half-century seen steps of progress in those sciences on which she rests, namely, 
Physics, Chemistry, Physiology, and Botany, beside which the progress of the previous centuries 
seems to us almost negligibly small. But to avail himself thereof, and to give his clients the 
blessings of the rich harvest of new knowledge open for him, the young medical man has to 
be better educated in natural knowledge than he used to be. As Medicine becomes more 
scientific she becomes less empiric. An art may be learnt in two ways ; by experience based on 
a rule-of-thumb dogma, or by experience based upon systematic research. Our foremost English 
pathologist has recently proclaimed that the former is the English way ; the latter is assuredly the 
German. In speaking of Medicine it must be conceded that he is as clearly right as he is clearly 
in earnest. It is the same with the art of Brewing. In our happy-go-lucky British fashion we do 
manage somehow to get some good beer, though we have to pay high for it, and it is on 
the average heavy stuff. But what of share, to say nothing of profit, has this country taken 


in work like that of Hansen, that revolution that has altered and is still reforming the brewing 
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industries of Continental Europe and America. From that great enterprise, progressing step by 
step on systematic scientific research, this country has drawn nothing except loss; year after year 
her export ales are being fast displaced by more reliable, adapted for a wider range of climate, and 
supplied in increasing quantity both to the tropics and the temperate zones, and to our own 
Colonies themselves, in this respect a short while since exclusively home markets. It is a relief to 
note a hopeful sign in a liberal gauge of support given at Birmingham by the Brewer’s 
Association, in the shape of £20,000 to the new University for the Midlands. May it mean that 
the leaders of this industry intend to obtain and provide University teaching for those that study 
their art just as for his the medical man obtains. 

Between such technical industry and Medicine the parallelism is not only exact, but 
in the case before us close: to know more about fermentation is to know more about disease, 
because infection is but a form of fermentation: to both the relation of Physiology, animal and 
vegetable, is one of absolute inseparability. Application of the study of fermentation to Surgery 
has given Surgery the greatest advance it ever made. It has given it a power of deed and a place 
in the world’s estimation it hardly dreamed of, and for that vast application our honoured guest, 
Lord Lister, stands universally acknowledged the greatest leader of Surgery and one of the most 
far-reaching benefactors to mankind the world has known. But from no one of the many and 
frequented non-university schools of the metropolis and elsewhere did he and his experiments 
spring ; they sprang from a University school, in academic Glasgow. 

As for Pathology, it may almost be said-to be Medicine itself. And upon Medicine a vast 
gift of knowledge is that which Physiology by discovery after discovery has conferred, and yearly 
does confer. “The working of the heart, the actions and the paths of the brain, the exchange 
between the air and our blood, the balance of warmth in the body, digestion and the nutrition of 
the organs, the eye and ear as factories of sensation, on these and a thousand other themes she 
fixes the foundations of the healing art. At the largest school of Medicine in London, its late 
venerable physician used to impress on his students, as a maxim, that the best book on medicine 
is Foster’s Physiology; and the most distinguished of all old Liverpool students, Professor 
Kanthack, has, ina recently published address, endorsed the words of the pre-eminent clinician. 
With Physiology collaborate the sister sciences of Zoology and Botany. A direct outcome of the 
joint-triumphs of the three has been that application of their results to the processes of disease 
which constitute modern Pathology. Physiology has, however, of all three, stood closest sponsor to 
Pathology, especially if with Physiology be included, as is usual in England, Histology, or the 
study of the structure of the body with the microscope. Physiology may indeed be called the 
mother of Modern Pathology. Rudolf Virchow, our venerable guest to-day, who for five-and- 
forty years so illustriously has occupied the Chair of Pathology in the University of Berlin, 
has urged that the title of the study ought to be, not Pathology, but rather Morbid Physiology. 
If that is true, it is at least as true that in Professor Virchow we have with us the father 
of Modern Pathology. Pathology now stands an intermediary between the more general, 
and also the more exact (in the mathematical sense) science of Physiology and the applications of 


it to medicine at the bedside. “The Pathological Laboratory is the paradise of the ‘keen’ student 
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of medicine. “To sow the germ, the causa causans, and watch its harmless growth on the clear 
jelly, and analyse—or attempt to—the harmlessness that, planted on flesh and blood, can blossom 
to disease and death is, even apart from sentiment, a piquant occupation. And then, to extract 
from the emprisoned germ the antidote for itself, its antitoxin | Pathology is the physiology of 
disease settling down before getting to quantitative work. 

It is not intended that the Laboratories now erected should be devoted only to Physiology 
and Pathology as directly applicable solely to the medical art. ‘They are fitted out in such a way 
as to embrace their subjects in full range, not merely to meet a single technical application. 
The New Laboratories, while they will still be of utmost service to the Faculty of Medicine, have 
therefore been transferred from the hands of the Faculty into those of the College. “The School of 
Physiology in the Thompson Yates Laboratory forms, indeed, an integral part of the College’s 
Faculty of Natural Science, and it will simultaneously contribute to the teaching of students of 
Science, Medicine, and of Arts alike. On Physiology lean a number of other studies beside that 
of medicine. ‘The study of mind, Psychology, fast gaining recognition as essential for the 
equipment of those entrusted with teaching, especially with teaching of the young, depends on 
Physiology, and in the opinion of some of its votaries entirely is Physiology. In the Universities 
of Canada and of the United States, where Psychology forms a part of the knowledge demanded of 
every professional teacher, the number of students pursuing physiological work consists by more 
than a half of these young schoolmasters and schoolmistresses. ‘They attend in the theatre and 
laboratories of Physiology for a two years’—in many cases a three years’—course of study. “There 
are signs that such a demand has arisen already in this country also, ‘The activities of the 
organs of sense, of the muscles, and of the brain, are of prime import to every student of the art 
of teaching, and, psychologist as he must be, he follows eagerly the physiologist as their investigator. 
Provision is made in the New Laboratories for the teaching and study of these large psychological 
chapters. Interesting and valuable they are. Few even vaguely realise the delicacy, and the 
deficiencies, and above all the pit-falls of self-deception attendant on, the use of their own senses, 
until they have been systematically and practically instructed in introspection of them. 

Next, perhaps, to Psychology, the study called Hygiene, or the science of the laws of 
healthy living, draws daily closer to Physiology. It is in fact Physiology applied to the daily mode 
of life of the community. ‘he breathing space, the warmth and change of air requisite for 
healthy dwellings and workrooms, the choice of foods as a struggle between nutrition and cost, the 
dietary for different ages of life and different kinds of labour, the question of healthy clothing, the 
proper distribution of light so as to strain neither the sight nor mind, and to avoid fatigue of 
vision, especially for the growing eye, the apportionment of labour so as to exclude excessive 
fatigue of either nerve or muscle—all these are practical subjects upon which the science of 
Physiology alone can adequately pass decision. 

So again with the many industries pertaining to Agriculture and Veterinary Science, the 
raising of stock, the feed of stock for work or to yield food for man, the manufacture of manures, 
the arts of the brewhouse, the bakery, the tannery, the dairy—all these depend on physiological 


science. ‘he preparation of silks, of wools, of furs, for clothing and furniture; the processes of 
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preparation of leather, glues, gelatine, bone black, fat, tallow, horn, albumen, the scientific 
basis on which rests each of these various industries is but a chapter of Physiology. Hence 
it comes that in the comprehensive view of the educationalist the lecture theatre and 
the laboratory of Physiology become prominent in the modern University — in University 
College. 

But it will grow so more as there becomes realised the truth that Science and Applied 
Science are, in regard to education, one and the same thing and indivisible. One hears it said that 
applied science, not theoretical science, is the great national educational need. Many have written 
how the campaign of Sadowa was won by the schoolmaster. Certain it is he triumphed at Sedan 
and at Versailles. Perhaps the most salient mark left by that blow on France has been the 
regeneration of her educational system, with, as its foremost feature, the renascence of her 
universities. A resilient nation recognised a great source of weakness, and set forthwith to work 
to right it. A subtler, bloodless but not less fateful, war wages perennially about the industries and 
markets of the world. Trade is no peaceful thing. Each people must equip its citizens not 
necessarily with the sword, but with the body and mind, with the knowledge of the skilful 
hand and of the sensual eye, and of the intellectual eye. “Then comes the issue. Is this means, 
this weapon, to be ‘ science pure,’ or to be that much spoken of ‘ science applied’ ? ‘The question 
is urgent. It is before us now. Busy common sense—often too busy to think, though not too 
busy to read newspapers—seems to voice itself against pure science as ‘taking too much time.’ 
What the populace asks to have is the ‘applications’ without the ‘science:’ the desire is as 
futile as a child’s fairy fancy. 

For society to draw due benefit from wells of natural knowledge three classes of 
workers must co-operate. First the investigator, who, pursuing truth, extends discovery for 
knowledge’s own sake, with little or no reference to practical ends. He constitutes the fountain- 
head of the knowledge that is for distribution. The largeness and nearness of the material results 
that indirectly flow from his enquiries, cause to be habitually forgotten by the general community 
the, in their eyes insignificant, small spiritual beginnings that were his labour and reward. The 
seed is his, for he not only reared but set it. ‘To do the rest is ‘easy when all have got the seed.’ 
The nation that starves the sower, or elsewise destroys him, nay even fails to secure to him free 
scope and encouragement, loses not only the germ, the motive power of this kind of intellectual 
progress, but infallibly severs itself from the real springs of industrial life. After the investigator 
there comes, in the second place, the teacher. ‘To him it belongs to diffuse the knowledge won by 
the discoverer. “This honourable and difficult task receives perhaps its final sanctification when 
the teacher himself works to add a rill to the great widening stream of scientific discovery. 
Instructive lectures may be given by men of ability the whole of whose knowledge is second- 
hand, but it may be doubted whether the real life of science can be fully felt and communicated 
by one who has not himself learnt by direct enquiry from nature. ‘That is part of the secret of 
the value the teacher of natural science has empirically come to find in practical lessons in the 
Laboratory, inthe teaching by what the French term maitres de conferences. "Thirdly, there is the 


appler of natural knowledge, whose vocation is to make scientific knowledge serve the bodily 
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needs, the comforts, luxuries of mankind. It is this work which commonly to the popular idea 
represents the whole of science, or all of it that is ‘useful,’ to the world. ‘The practical monuments 
of this work are often so astounding to those ignorant of the steps by which they have been reached, 
that they distract the public attention from the less obvious and profounder business of original 
research. Our nation often called ‘practical’ is rightly proud of the epithet. But it is a title 
given not free from the suspicion that we at the same time fail in the theoretical, and not 
infrequently contemn it. We do so foolishly. We do so at our peril. Behind all practical 
applications there is a region of intellectual action to which, though our practical men have 
contributed little, they owe the whole of their supplies. ‘Other men have laboured, but ye are 
entered into their labours.’ Theory may be a goose, but she lays the golden eggs. To speak 
of theoretic knowledge slightingly is for the lips of the fool. ‘To do so harms studies whence not 
only intellectual gain, but the industrial arts have sprung, though from them the rising genius of 
this country is frequently so flippantly advised away. ‘The great Pasteur, speaking of the over- 
throw of his country by its rival, spoke like a statesman when he said, ‘ Few persons comprehend 
the real origin of the marvels of industry and of the wealth of nations. I need no further proof 
of this than the employment, more and more frequent in official language and in writing of all 
sorts, of the erroneous expression applied science. ‘The abandonment of scientific careers by men 
capable of pursuing them was recently deplored in the presence of one of our Cabinet Ministers of 
great talent. ‘This statesman endeavoured to show that we ought not to be surprised at or to 
lament this result, because in our day the reign of theoretic science yields place to that of applied 
science. Nothing can be more erroneous than this opinion ; nothing, I venture to say, more 
dangerous even to practical life than the consequences which might flow from these words. 
They bide with me as proof of the imperious necessity for our reform in higher education. 
There exists no category of the sciences in which the name ‘applied science’ can rightly find a 
place. We have: science and the applications of science, which are one growth, united together even 
as the tree is with its fruit.’ 

The truth of this utterance is as supreme as its conviction. Nor can words better show 
how the place given to the applier of science for man’s uses, although third in the series of 
priesthood of knowledge, is coequal with its predecessors, the investigator and teacher, in honour 
and humanitarian worth. ‘The patentee and the skilled technical specialist require to the full the 
theoretic training of their compeers. Hence it is that the proper hearth for them is that where 
in a University the sacred flame of learning is fed from many sides by many hands. “The words 
of Pasteur furnish ample answer to the anxious parent who explains that he does not wish his son 
to spend life’s precious days in ‘learning oxygen and hydrogen,’ but simply to ‘do copper.’ 

Finally, for what uses are the Laboratories the generosity of Mr. Thompson Yates has 
given to this College? “They will assist in training men for various honourable callings, especially 
for that most ancient one of Medicine. They will assist no doubt also to render our life, by the 
technical applications of science, superficially still more different from what it was no more than a 
generation ago. “Their highest office, however, is not these, but a more difficult. Genius cannot, 


by any community, however wealthy and powerful, be made to order : in Biblical language it is 
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the gift of God. All our city can do toward obtaining it, be our richness and willingness a 
thousand-fold what they are, is to ensure the rare and glorious plant a meed of freedom, light and 
warmth, for blossoming upon our soil. Few of us are such pessimists as to doubt that in so vast 
a population as ours here genius exists—not sown, it is true, broadcast, for nowhere is it thus—yet 
existent, scattered up and down. It is for this community to foster, to discover. By help of the 
good gift that Mr. Thompson Yates has given in these finely-built and finished Laboratories this 
much in one direction can be done. The problem to which a wise State turns is the discovery 
less of things than men. By these Laboratories, if adequately supported—and this, at present, they 
are not—our community can create opportunity for the exercise of powers which come from 
sources within itself, but are utterly beyond its power to produce at will. ‘Their loftiest function 
is creation of this opportunity. For that aim the studies in them must be followed with no one 
single technical purpose, but must be wide of scope and full of access to all kinds of students, man 
and woman alike, and suited to a score of technical ends. Within the walls of the Thompson 
Yates Laboratories must be fostered and grow up no single-faculty school, but a University school. 
So shall they prove a cornerstone for the up-building of many crafts, and a touchstone for the best 


ore of intellect within this city’s bounds. Hee otia studia fovent. 


The Thompson Yates Laboratories 


By THE ARCHITECTS 


The Thompson Yates Laboratories occupy a position on the north side of the University 
College site, and on the edge of the Old Quarry. Owing to the nature of the ground, considerable 
difficulties, involving both time and expense, were experienced in obtaining a secure foundation ; 
and a portion of the building stands upon concrete piers, average 35 feet in depth, below floor of 
basement—the basement floor being 12 feet below ground floor. 

The buildings are L-shaped in plan, and may be described generally as an oblong block 
104 ft. by 44 ft., out of which extends on the north side another oblong block measuring 75 ft. 
by 30 ft. Simplicity has been the aim of the plan. The staircase, of quadrant form, finds its 
place naturally at the intersection of the two arms of the structure, and from its landings access is 
obtained (with little or no expenditure of space corridors) to the various Laboratories, large and 
small, of which the building is composed. In bringing together a collection of apartments, some 
of which are to accommodate large numbers of workers, while others are the private studies of 
individuals, it naturally results that some of the rooms need to be lofty, but that in others a high 
ceiling would mean waste of space. It will therefore be found that a free use has been made 
of the expedient of mezzanines. The great rooms of the ground floor, the laboratories of 
Bacteriology, Morbid Histology, Experimental Pathology, Pathological Chemistry, &c., are no less 
than 17 ft, high; but the smaller rooms of the same floor, devoted to the Demonstrator and to 
Photography, are low enough to allow of a good deal of useful accommodation being inserted 
between their ceilings and the first oor proper. Between the first floor and the second the same 


device is repeated, The first floor is mainly occupied by:a Lecture Theatre, by two large 
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laboratories of Chemistry and Experimental Physiology, by a Research Laboratory, and by the 
necessary small rooms in connection with these, as for instance a galvanometer room opening out 
of the Research Laboratory, a Professor’s room opening out of the same, a little lecture room for 
special physiological work, a dark room, and under the raised seats of the theatre an optical room, 
with ample store cupboards. It is over the dark room and the small lecture room that the 
mezzanine is in this case located, and it gives besides a workshop and balance-room accommodation 
for various storage and apparatus, under the charge of the Physiological Professor who occupies the 
private room on the floor below. Upstairs, on the second floor, the principal feature is a large 
class-room for Histology, witha floor area of 2,400 ft. and a wall of north light 60 ft. long. The 
space over the theatre (which, by the way, has a high level entrance from the upper mezzanine, 
as well as the entrance at the first floor), is occupied by a preparation and research room in 
connection with the Histology department, and the remaining roof spaces are taken up by rooms 
for combustion, distillation and storage. “The basement, which extends under the whole of the 
front block, contains a Students’ common room, an engine room, a heating chamber, and ample 
space for storage. Externally the Laboratories are of the same materials as have been employed in 
the main structure of the College—Liverpool grey bricks and Ruabon terra cotta. ‘The necessity 
for enormous windows has rather defied the usual canons of architectural proportion, but the 
building will perhaps not be thought the worse of for exhibiting on its face the requirements of its 
internal use. 

Noticeable upon the gable which first catches the eye of those who enter through the main 
College archway, is the modelled panel due to the skill of Mr. C. J. Allen. The rather blank 
aspect of that part of the west front which adjoins the entrance is due to the preparation for future 
extension, the intention being to throw an archway across from the newly erected block to the 
buildings which will no doubt eventually find a place to the west of it. “The possibility of such 
an extension has been kept in view on all floors. 

Messrs. A. Waterhouse & Son were the architects of the buildings; the general contractors 
were Messrs. W. Tomkinson and Sons, to whom the fittings were also entrusted; and the whole 


of the works have been under the superintendence of Mr. Dampier as clerk of works. 


The School of Physiology 


In the new Thompson Yates Laboratories the School of Physiology occupies the first and 
second floors of the building. As the visitor ascends by the main staircase he reaches, on arriving 
at the first floor, an open landing. From this and from the short corridor, continuous with it 
toward the east, open a number of rooms, which may be described in the following order. On 
the visitor’s left hand, as he steps from the staircase upon the landing, the glazed door opens into 
the room for Chemical Physiology. ‘This room will serve at once as a class-room and a research 
room. It can accommodate a class of more than fifty students, allowing to each one of them a 


separate table space for the carrying out of the exercises required of candidates taking Physiology 
for the degrees of B.Sc. or M.B, of the University. At each student’s place there are provided 
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gas, water, vacuum-pipe, filter and filter-stand, shelves containing chemical reagents in bottles, 
and a cupboard fitted with the necessary apparatus allotted for his individual use. “Too often the 
lighting of the Chemistry class-room suffers from the screening of the windows or bench-tops by 
ranks of shelves for the reagent bottles. Here this defect has been avoided. Eight large windows 
magnificently light it, and the shelves have been arranged in such a way as to leave the access of 
daylight perfectly free. In addition to the ordinary benches, three smaller are elaborately fitted, 
to serve advanced students or research-workers to the number of six. “The wood of the benches 
is throughout of teak. A gallery of pitchpine and iron, reached by an iron stairway, runs the 
whole length of the north side of the room. ‘This carries glazed wall-cases for the storage of 
glass and chemical apparatus, and there are other wall-cases at each end of the room. Three 


fume-chambers on glazed brick piers are provided. “The room is fitted with a main water supply, 
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a hot water supply, a steam supply especially connected with a set of drying ovens, a distilling 
apparatus, and a number of taps supplied by a pipe bringing water from the high-pressure cistern 
in the ‘lower of the Victoria Building. ‘The lighting for evening work is by ceiling pendants, 
carrying incandescent electric lamps. ‘There is also a cable and switch for the electric arc. 
Against the long east wall are filter-pumps, glass-blower’s table, and incubators for fermentation 
work. The chemical side of Physiology is one of rapidly increasing economic importance. It 
embraces the whole subject ot food and dietaries, and problems of cheapening and of manu- 
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facturing food-stuffs. It has manifold applications in the industries connected with the dairy, 
and with brewing and tanning, and the preparation of animal oils, gelatine and albumen for 
cotton-printing, photography and paper-making, also for the valuation of the nutrient worth of 
different kinds of sugars. 

Next to the Large Chemical Room is the Small Chemical Room, in which are placed 
the balances and the polarimeters. Also adjoining the Large Chemical Room is the Small 


Theatre, for demonstration of experiments that cannot be rendered intelligibly visible to as 
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numerous an audience as that accommodated by the Large Theatre. It is fitted with every 
convenience for various kinds of experimental work. Stepping from this room across the corridor 
the Large Theatre is entered through a folding door. ‘The auditorium is made to seat 150. “The 
pitch of the bench-tiers is steep enough to allow objects on the lecture table to be fully seen 
from every seat. ‘The south wall is lighted by six long windows. ‘These can all be darkened 
by blinds, and the two next the lecture table are closed by shutters controlled from the 
lecturer’s table. 

The fittings for lantern-illustration, by Newton of London, are particularly complete. 
Among them are included the projection miscroscope, the chromoscope, the animatograph, episcope 


and skiopticon ; also very perfect arrangements for the projection of the spectrum. Graphic 
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records of muscular exertion, of the pulse-wave and the heart-beat, can be shown to the whole 
auditorium in the actual course of the making of the record. Arrangements allow also of the 
demonstration of the chief phenomena of vision and colour sensation to the whole audience 
together in the theatre at one time. 

Behind the Large Theatre are the Professor’s private rooms, two in number, “The smaller 
next the Theatre, and opening into it, is fitted for books, papers, writing, &c. “he larger is 


arranged as a preparation room for the experimental demonstrations for the large Auditorium, and 
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as a room for the prosecution ot investigation and research. A compartment in this room its 
fitted for experiments in Electro-Physiology. Also in this room is placed an excellent pendulum 
myograph, swinging within a turned metal semicircle of 6 feet diameter. “To measure out the 
thousandth part of a second with the same accuracy, winter or summer, is easy with this 
instrument. A fellow instrument is the much prized pendulum belonging to the Johns Hopkins 
University, Baltimore. 

‘The Class-room for Physical Physiology runs the length of the east wing, and is lighted 
from north and east. A feature in the room is a handsome gallery, carried on cantilevers across 


the west end of the room. In this room there is accommodation for a class of more than thirty 


students to carry out the exercises on muscle and nerve, and in doing so to allow of each student for 
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himself making use of the ‘ graphic’ method of study. “These exercises form a large part of the 
work required by the candidates taking Physiology as a subject for the University degrees of 
Bachelor of Science or Bachelor of Medicine. Each student’s place is provided with electric 
light, water, gas, electric wire for supply of current, induction coil, electric battery, recording 
drum driven by fixed pulleys from the shafting running above the table, electric keys, heliostat 
apparatus ‘for examining contraction of muscle, the beat of the heart, the measurements of 


respiration, &c., &c. Experiments in examination of the senses are also conducted in this room, 
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and the student is taught to test the delicacy and the deficiencies of his vision, hearing, touch, 
sense of temperature, tune, and space, &c. Few guess the possibilities, fewer still the limitations 
and deceptions of their own senses, until they are systematically introduced to them. A student’s 
pendulum myograph, by Palmer (London), by whom were supplied also the recording cylinders, 
shafting and gearing, and much of the accessory apparatus, and a small Kelvin’s reflecting 
galvanometer, complete the instalment of this room. 

A small dark room for photographic work, and another larger for experiments on vision, on 
this floor remain to be mentioned. ‘The latter is supplied with arc-lights, a small electro motor, 


and with shafting, heliostat apparatus for examination of colour blindness, the mixing of spectral 
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colours, the sensitivity to colours at the margin of the field of vision, sensations of contrasts of 
colours, visual after-images, and discs for examination of flickering sensations. 

Ascending the stairs, on the second mezzanine is the upper entrance to the Large Theatre. 
With a further turn the main stairway attains the second floor, and passing along the corridor from 
the landing, on that floor, the visitor enters the Class-room for Histology. “This is the largest 


room in the whole building, and in some ways the most important. In this room the student is 


taught the use of an instrument that, be he medical man, chemist, brewer, or veterinarian, should 
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in after life in any of these callings be to him a trusty assistant, as well as an interesting source ot 
intellectual entertainment, his microscope. With it all his delicate, minute, and general anatomy is 
done, also a number of observations on the physiological reactions of the actual elements of the 
simplest forms of living things, and of the human body, the living cells of blood, &c., &c. In this 
country it is universal custom for all instruction in the intimate structure of the body to be 
entrusted to the laboratory and teachers of Physiology, so that only the gross or ‘naked-eye ’ of 
the human body remains to be dealt with by the ‘ Anatomical Department.’ In Continental and 
American Universities the teaching of the microscopic structure of the body and its organs almost 


always devolves on a separate department, and a Chair entrusted solely with that subject. The 
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School of Physiology in the Thompson Yates Laboratories is therefore in reality a double one, 
including both Histology, the study of the intimate visible structure of the machinery of the 
body, and Physiology, the study of the active working of that machinery in health. Of the two 
studies the latter is of course the more difficult, and requires more previous training, but it forms 
also much the finer intellectual training, as it is actuated by the strict and well-ascertained ‘laws’ 
which form the basis of the exact sciences of Physics and Chemistry. But it is noteworthy that 


by studies in Histology were each of those twe great leaders of medicine whom we delight to 
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welcome on this occasion of our opening ceremony, led earliest along their courses of beneficent 
discovery ; Lord Lister, by his investigation of the phenomena visible with the microscope in the 
inflamed frog’s membrane ; Professor Virchow, by the comparison of the microscopical structure ot 
the body in health, and of the changes wrought in the cellular elements of organs by interfering 
with the channels bringing them fresh blood for nutriment. 

The Class-room for Histology is made to accommodate eighty students. Each student is 
allotted ample table space, and supplied with water, gas, electric light, and a set of chemical 
reagents, and a drawer and cupboard in which to keep under lock and key his sketch-book, 
specimens, microscope and instruments for fine dissection. A small aquarium for preservation of 


fresh-water plants and beetles, snails, etc., is placed in the west end of the room. A microtome 
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table and a bath for ‘imbedding’ preparations in wax, in order to facilitate sectioning, is provided 
for the use of the students. By sectioning is meant the cutting of the pieces of tissue into 
sufficiently thin slices for proper examination by the microscope. ‘The slices have to be very thin, 
and with the apparatus provided the student should be able to cut slices much less than a thousandth 
of an inch in thickness, But most of the ‘sections’ given to the student are prepared ready for 
him, and already stained with various dyes that clearly differentiate the various elements of the 
structure. Adjoining the class-room is a large Preparation Room, in which this work of preparing 
specimens for distribution to the students is carried on. ‘The material worked through each year 
forms an epitome of the structure of all portions of the human body, including the sense organs 
(eye, ear, etc.), and the brain. 

The assistant staff of the School of Physiology (including Histology) consists of the 
following teachers—the Assistant-Lecturer on Chemical Physiology, Dr. A. S. Griinbaum, 
M.R.C.P., to whose care are largely owing the excellent arrangements of the new Chemical 
department of the Laboratory: Senior Demonstrator, Dr. E. E. Laslett, a former Holt Scholar of 
Physiology, and more recently a resident officer in the Royal Infirmary : the Demonstrator, Dr. 
Stookes, formerly Demonstrator in the Anatomical Department : and Mr. Watson, who, as Holt 
Fellow of Physiology, has in the past year rendered invaluable service in the Histological Classes 


of the Physiology School. 


The School of Pathology 


The department occupies the ground floor and basement of the Thompson Yates 
block, and is built into the old existing Pathological Museum. ‘The Museum thus becomes 
part of the Laboratory. The AZuseum is a very large, handsome room, with a gallery exceedingly 
well lit by a large top light, and in the evening by electricity, and is also thoroughly well heated. 
It is now nearly full of specimens, and museum expansion will soon have to be thought of ; the 
present collection is fast approaching the large figure of 3,000. A special feature of the Museum 
is a large number of photographs by Mr. Thelwall Thomas, and a series of beautiful paintings by 
Dr. Glynn. 

The Museum opens into the Morbid Histology Class-room—a very large room capable of 
seating 60 students for practical work : each student has abundant bench and locker accommoda- 
tion, an electric lamp, gas, and water supply. The bench tops are covered with slabs of opaline, 
and therefore are impervious to dirt. The room is furnished with an electric projection lamp, 
hot-water and steam supply. 

Opening out of the previous room is the Ho/t Fellows Room, where the specimens for the 
class are kept, and sections of all tissues made. 

On the other side of the corridor another series or rooms are placed. There is a 
very large Private Experimental Room fitted with shafting and other apparatus driven by an 
electric motor. Adjacent are the Developing and Microphotographic rooms. “The Bateriological 


Laboratory is a very large room. The benches are covered with opaline ; each student has 
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an electric light, gas and water, and there is a plentiful supply of steam at high pressure to conduct 
the various boiling operations necessary in such a laboratory. It is fitted with the apparatus 
necessary for bacteriological research, including suction and force-pumps for filtering purposes, and 
a bacterial mill for pulverizing bacteria. Opening out of the previous room is a small incubator 
chamber, which can be kept at a constant temperature. 

The Chemical Pathology Room is the laboratory of the Senior Assistant, Dr. Abram, and is 


fitted for conducting researches in Chemical Pathology. Immediately adjacent to it is a private 


BacTerioLocicaL LABORATORY 


research room, and further on the private room and library of the Professor. By two especially 
constructed staircases, two rooms are reached on the first mezzanine, one room entirely set apart 
for the Museum Preparator, and the other an Incubator Room, where all the incubators and ovens 
are placed which require a constant temperature. 

In the basement there is a completely fitted laboratory for the Pathological Diagnosis Society 
and the Bacteriological Department of the Corporation. A Gas Analysis and Calorimeter Room, and 
a large special autopsy room, are also situate in the basement. An additional feature is a 
large refrigerator chamber worked by compressed ammonia, and a very large centrifuge worked by 


an electric motor. ‘There is a well-fitted workshop and some small outbuildings. Briefly stated, 
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the special features of the Laboratories are the impervious opaline tops covering the benches, 
diminishing the risk of contamination, and facilitating cleaning operations ; the use of steam for 
boiling operations, a plentiful electric supply working the lamps and the numerous motors, and 
a specially high pressure water-supply, and lastly, the refrigerator chamber. “The arrangement of 
the Laboratories is calculated to give a maximum amount of light, and to facilitate in every way 
economic service. There is little doubt that such a magnificent block as the Thompson Yates 
Buildings will lead to further and fresh developments in the Physiological and Pathological 
departments, and in the study of the Medical Sciences in this part of the country. As regards 
both departments, it is clear that schools in each subject is the ultimate aim. “Thus the 
Pathology Schools would include :—1. Teaching and Laboratory accommodation for Human 
Morbid Anatomy. 2. For Bacteriology. 3. For Comparative or Veterinary Pathology. 4. 
For the Pathology of Tropical Diseases. 5. Chemical Pathology. 
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BEING AN ADDRESS GIVEN TO THE MEDICAL STUDENTS OF 
UNIVERSITY COLLEGE LIVERPOOL, BY THE REV. S. A. 
THOMPSON YATES, M.A, ON THE OPENING 
OF THE SESSION 1899-1900 


When the Medical Faculty of University College did me the honour to suggest that I 
should give away the prizes and address you to-day, I asked your Dean, before accepting the duty, 
upon what subject I should be expected to discourse. He replied to my question, ‘You may 
talk upon any subject you like.’ Evidently, then, some limitation was necessary ; so I allowed 
the book which I was at the moment reading, and which had very much interested me, to guide 
my thoughts and to provide the limitation. The book to which I allude was the Life of William 
Morris, by J. W. Mackail. It is an account of the thoughts and works of a remarkable man, 
who has done much to educate the eye and the taste and to make life brighter and more beautiful 
for us all. It is, perhaps, true that as a thinker he was not distinguished, and the expensive works 
of art which he produced seem to afford a practical contradiction to some of the doctrines which 
he held. It has, indeed, been written of Morris in a clever magazine article, a review of the 
book, that he, ‘ for forty years talked paradox, and it was his fate for forty years to live it also.’ 

You may, perhaps, think that from such a life it would be paradoxical to expect much 
advantage. It seemed to me, however, while reading it, that it contained a great deal to make 
one think ; and as I am quite sure that you would not wish me to speak on your own subjects, 
of which you know so much more than I do, I take the thoughts suggested by Mr. Morris’ life 
as my guide, 

Mr. Morris was a first-rate artistic handicraftsman, and I think excelled in most of the 
works he attempted. Only a few weeks ago I visited the Cathedral at Salisbury, and there among 
the general level of modern painted glass which made one sad, two brilliant windows shone out 
from the rest. “They were by Morris. He was also a very considerable poet, and delighted to 
live in any age or condition except those to which he had been fated. He thought his own time 
very evidently out of joint, and, like Hamlet, he was of opinion that he was born to set it right. 
So he wrote for us that which he lived in the hope of materially creating, The Earthly Paradise. 
Take that charming book with you some day on your bicycle and read it under a shady tree, or by 
the side of a murmuring stream, and you may learn how difficult it is to define the word ‘Reality.’ 
You may learn how real are the creations of Genius ; that they are possibly the ‘ Reality,’ the 
passing world the ‘Illusion.’ I remember once this feeling coming upon me very strongly when 
passing a morning at Elsinore with my sister. ‘There, you know, stands the famous Castle 


immortalized by the Immortal, in other words, used in his drama by William Shakespeare. We 
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had walked through the sleepy town from the landing stage. We passed, I remember, a nurse 
and two children, a woman carrying clothes, two boys fighting, a sentinel on guard ; and then we 
stood on the terrace of the Castle, with the blue water of the Sound at our side. © What illusions 
seemed the people we had passed: even the soldier on guard! For was not Hamlet there 
following his father’s ghost until it disappeared over the north end of the Terrace, while Horatio 
and Marcellus stood terrified beside us ; and then did not the whole terrible tragedy seize upon us ? 
Did not the King, the Queen, Polonius and Ophelia, and Hamlet himself, meet their fated ends ? 
Was not this Reality ? Were not these the real people, the men and women who interest us and 
teach us and inspire us, and who are, in a word, eternal? ‘The things which are seen are 
temporal, the things which are not seen are eternal.’ Or to put the same thought into another 
form: ‘Horace and Virgil,” said Lord Runcorn, rising and moving meditatively towards the 
window, though still talking to Mrs. Norham, “are our familiar friends to-day, whilst consuls and 
triumvirs are remembered only by Undergraduates, and remembered by them only till they have 
deposited their memories on their examination papers.” Yes ! Mind, when incorporated in the 
ideal creations of Genius, becomes part of the Eternal. 

Wii1amM Morris was a considerable poet. He was also in other ways a considerable artist. 
Architect, I think, he liked to call himself, including in the word the making of every beautiful or 
useful commodity which could make life more worthy to be lived. | He wished in fact to be the 
builder up of a new world, the redeemer of our present society from that state of ugliness which 
commercial competition and capitalist government had, he thought, brought about ; to form a 
world in which there would be no rich and no poor, no cowardice, no tyranny. Division of 
labour, as we know it, must cease ; each man must have room and time to produce mentally and 
physically what was best, or rather what he, the individual, could best produce. He must have 
time to think about what he was doing, and a leading voice in the processes of production. 
Morris hated the crowded ugliness of the rich man’s drawing-room just as much as he disliked 
the bare walls and cheap furniture of the poor man’s parlour. ‘I have at least,’ he wrote, ‘ respect 
for the dweller in the Tub of Diogenes ; indeed I don’t look upon it as so bad a house after all. 
I have seen worse houses to be let at £700 a year.’ 

And as he followed on his train of thought he became, and called himself, a Socialist, and 
then, having become one, he with some za7veté tells us how he began to read works on the 
Economics of Socialism, by whose help he might prove the truth of his position, When his 
taste and his feelings had carried him away he began to ask reason to prove them right. ‘It was 
only,’ I quote from Mr. Mackat., ‘after years of disappointment that he realized that the time 
had not yet come. But his whole life bore witness to the sincerity and self-sacrificing devotion 
with which he followed the path he conceived to be that of his highest duty. For, after all, what 
is the true end and aim of all politics and all commerce! Is it not to bring about a state of 
things in which all men live at peace and free from over-burdensome anxiety, provided with work 
which is pleasant to them and producing results useful to their neighbours’? Now, curiously 
enough, and it may seem paradoxical, I came away from the reading of his Life with this 


impression : that a better Individualist never lived than was Witt1am Morris himself, What 
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he aimed at, so far as I can make out his thought, was, for all who were capable of it, Freedom for 
the exercise of their faculties, of their moral and spiritual nature. Voluntary organizations were 
his ideal, free from the tyranny of any man or any bodies of men, even from that of the Social 
Democratic Federation, or whatever other name the tyranny might carry. How it came about 
that he could ever have thought that a tyranny of the majority called the State would produce a 
condition of things better than our present condition, I do not know: unless it was that he 
allowed his kind heart and artistic temperament to get the better of his reason. Be that as it 
may, after wasting much time and strength in speaking at meetings, whose object was to destroy 
our present form of social arrangement, he came to a conclusion with which we may very 
generally agree. ‘It seems to me,’ he writes, ‘that the real way to enjoy life is to accept all its 
necessary ordinary details and turn them into pleasures by taking interest in them: whereas 
modern civilization huddles them out of the way, has them done in a venial and slovenly 
manner till they become real drudgery which people can’t help trying to avoid.’ — How true it is 
that anything is interesting to yourself and others in which you take an interest | ‘Whiles I think, 
as in a vision, of a decent community as a refuge from our mean squabbles and corrupt Society— 
but I am too old now, even if it were not dastardly to desert.’ The Socialist Society broke into 
pieces, and Morris came to believe that before you can have Socialism you must have persuaded 
the individual members of the nation to fit themselves, by self-denial and self-education and 
self-effacement, to be Socialists. It has, I think, been well said, ‘The Idea that a Socialistic 
Society is possible is an idea that has to be reckoned with. Such a Society, conceived of as an 
actuality, is a mere chimeera.’ 

I hardly know whether this short account of Witt1am Morris will have been of any 
interest to you. I can only hope so. Any way I don’t think the reading of his life will turn any 
of you into Socialists or the advocates for a system of State control, of State Tyranny ; which means 
in a democratic country the delivery of a nation into the hands ofa Bureaucracy elected by a majority 
of that nation, whose deadening weight would gradually destroy in us the best instincts of our 
human nature. You will all have noticed the difficult time which European nations are passing 
through. ‘They owe it, I think, largely to this cause, their want of Freedom ; to the deadening 
effect of State action which takes away from the Individual his moral responsibility, and so blunts 
his conscience and hampers his intellect. Is it too much to say that to be just you must be free ? 
In our own country there is an unfortunate tendency in the same direction to the same kind of 
management, a tendency towards slavery to words. Every Session of Parliament lessens our 
freedom, and with it takes away some portion of our moral responsibility ; for you may be quite 
sure of this, that the conscience which decides in you and for you matters of right and wrong, 
very soon grows blunt if it be not used. 

When, as it is hoped by many, we have a larger army of permanent officials to decide 
everything for us from the cradle to the grave (and curiously enough, only last week someone 
suggested State funerals for us all), our sense of responsibility, the one sense which most 
distinguishes us from the other animals, will be gradually killed. There was, I believe, in the 


world of a hundred years ago a thinking power, a mother-wit, which is strangely but surely 
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vanishing before our efforts in education, before the Schoolmaster. The Schoolmaster, and his 
visitors and inspectors, his examinations and his organizations, was, I suppose, in some form or 
other inevitable ; but we have killed, and are killing, much by our cramming, our red-tapism, and 
our endless examinations. I wonder sometimes how the poor schoolmasters themselves can suffer 
them all. Only State tyranny dating from London would make them do so. However, we go 
on adding inspector to inspector, official to official, in order to give them all something to do, by 
at least inspecting each other, until sometimes I think a caste will be formed of official families, of 
which we shall be the harvest and the slaves. Yet sometimes, like Mr. Morris, I also have 
dreams—a vision of an era of real freedom, when, after the present tyranny be overpast, we shall 
all have discovered by painful experience that the only way to make the world better is by 
increasing, not by killing, individual responsibility. 

A great Bishop once said, and got much abuse for saying it, ‘that it was better that England 
should be free than that England should be compulsorily sober.’ ‘I would distinctly prefer,’ he 
said, ‘Freedom to Sobriety, because with Freedom we might in the end obtain Sobriety ; but in 
the other alternative we should eventually lose both Freedom and Sobriety.’ I would myself go 
even farther than the Bishop, and hold that it is better to be an ordinary faulty human being, and 
a free man, than to be an angel in chains. ‘There is always hope for the free man : he can aspire. 
A chained angel is a hopeless paradox ; he is compulsorily condemned to hang useless wings ; he 
cannot fly. And many old women, I use the words metaphorically, nowadays are wishing to 
make us all chained Angels. Yet I have dreams of a time when our Freedom will have taught 
us duties which we shall all be eager to perform on our own account, not because we are 
expecting an Inspector, himself inspected, but because our Freedom has taught us that we ought 
to do them. Why, I ask, should youor I be compelled by a majority, very often by a mere 
majority, very often by a mere party majority, to be rated or taxed against our consciences, or what 
we believe to be our better knowledge, because some good people with a fad and tongues have 
persuaded a Parliament or a County Council to pass an Act, or a By-law, which enables them to 
force our money from us? We happily abolished compulsory Church Rates ; we ought, were we 
just, to abolish a great many more. 

This poor world of ours has been ridden by many riders, who have been one after the other 
unhorsed. We have had on our backs Kings, and Marshals, Priests, Puritans, some of whom 
have fallen asleep, but some remain with us to-day, for is it not true that ladies have taken lately 
to riding? I hope we may get rid of some of them, say of Inspectors ; I will not add the word 
medical, for it cannot be possible, can it ? that we shall ever be doctor-ridden, They surely are 
the healers of the world! And yet even they, I think (for they have great power now over 
opinion and purse) may be careful, not, for instance, to profess to know more than they have 
knowledge of; not to call assumptions or fads, Science ; not to think that they have fathomed 
creation when they have mastered the Text-books. We shall all think the more of them if they 
are perfectly truthful with us and are ready sometimes to say, ‘I don’t know.’ 

There is more danger from haste than from patience. ‘There are more things in Heaven 


and Earth—we may all acknowledge it—than our very limited Philosophy dreams of, or than we 
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have grasped when we have passed the Schools. ‘Truth, may-be, is not limited to our sense 
perception ; and even Faith may often assimilate Truth. Therefore I would urge you all, what- 
ever your profession, not to be satisfied with knowledge merely professional. You will make 
better doctors, better men of Science, better citizens, and be of greater use to your fellow-creatures 
if you know something of the side of human thought expressed in the words Philosophy, Poetry, 
History, Literature. You have not time? Then make it somehow ; I believe we all can do so, 
and make ourselves better men and women by the self-denial involved in the manufacture. 

But this is by the way, and I return to my dreams, in which we may look forward to that 
blessed day when on all hands it will be admitted that each of us knows his own business best ; 
and that the State too often means but the faddists who make the most noise and whose 
persistency overcomes our ignorance on most subjects, and who somehow, perhaps, from the 
providential lightness of their weight, seem to float on the top of the social wave—that blessed 
day, I repeat it, when they will all be relegated to a great Parliament House or speaking-place (open 
of course to both sexes), but without any power of oppressing their fellow-citizens—their brothers 
and sisters who wish to be free—by useless, mischievous, and very expensive legislation. 

How much better would be a largely increased Voluntary System, such as even now produces 
these noble institutions, this University College and that sumptuous Infirmary, without the aid of 
rate or tax, than a.system by which, with other people’s money extracted from unwilling pockets, 
a certain section of the nation, very often on mere party lines and for party purposes, attempts to 
control our lives. How much better it is, be it in matters of Faith or practice, to persuade men 
rather than to force them. And which (I put it to all your consciences) is the better ? to force the 
opinion of a part upon the whole, and by force majeure obtain money by rate and tax to carry that 
opinion into effect, or to receive the free-will offerings of moral agents in the way we are told 
God best loves, the way of the cheerful giver. I have said my say, and yet I hear you Students 
also have a dream. You see in that dream arise, not far from where we meet to-day, a stately 
building, unpaid for by the rates, emblematical of the unity of all the Schools existing in this 
College, in which you of the rising generation, and each generation as it rises, will discuss weighty 
subjects and will tell the world that you at any rate wish to be free men, individuals responsible 
for all you do, judging what is best on your own account : with the determination to develop all 


the capabilities of your human nature for the good of your fellow-creatures and yourselves. 
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BEING THE MARSHALL HALL PRIZE ADDRESS BY 
CHARLES S. SHERRINGTON, M.A., M.D., F.R5. 


Mr. PRESIDENT AND GENTLEMEN, 

When your Society was kind enough to recognize some work of mine by the 
coveted Marshall Hall Prize, it extended to me at the same time your hospitality for a short 
address. In answer to that invitation I now venture to lay before you a few remarks regarding 
the physiology of the spinal cord. ‘That the prize bequest to the Society is associated with the 
name of Marshall Hall, sufficiently, I think, justifies my choice of sucha theme. 

Marshall Hall, like not a few investigators of enthusiasm, seems to have been at little 
pains to know what of his subject had been ascertained by previous workers. He concluded from 
his own observations that the spinal cord and the whole nervous system could be well regarded 
from the physiological standpoint as a linked series of reflex arcs. “The idea was not a new one, 
but in his hands it obtained new illustrative facts. “The doctrine of the cord as a spinal chain of 
functional segments the units of which are reflex arcs, gained much furtherance from the 
advocacy of Marshall Hall. 

The segmental arrangement of the spinal nerves in their gross anatomy does not, of course, 
necessarily carry with it any proof of the functional segmentation of the cord. That proof can 
be furnished only by analysis of the functional plan. A point of first importance for this question 
is the capacity of the fractionated spinal cord. Herbert Mayot by his experiment showing the 
pupil reflex to be elicitable when but a single cranial segment remains, and Legallois{ by his 
localization of the respiratory centre in the bulb, had at the outset of the century laid the founda- 
tion of the segmental theory of the functions of the cord. Marshall Hall§ and Grainger'|| 
further contributed experiments demonstrating the functional powers of spinal fractions. ‘The 
latter drew significant observations from the reflex movements of invertebrata. “The study of the 


functions of the nerve-chain of invertebrata became later neglected, most unwisely. Quite 


* From Vol. 82 of the ‘Medico-Chirurgical Transactions.’ | §‘ Memoirs on the Nervous System,’ London, 1838. 
+ © Physiol. Commentaries,’ London, 1823. ||‘ Functions of the Spinal Cord,’ London, 1837. 
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recently such work has vigorously been resumed. An example of its fruitfulness for the present 
problem is furnished by the observations of Hyde* on Limulus made in the Laboratory of 
Professor Loeb, of Chicago. 

When in Limulus all that is analogous to the brain has been ablated, and indeed only the 
abdominal region of the spinal cord remains, the rhythmic respiratory movements of the abdominal 
segments still proceed regularly and co-ordinately. Even when a fraction of the nerve-cord, 
separated by transections in front and behind, is left corresponding with a single abdominal 
segment, the musculature of that segment continues its rhythmic action. Its rhythm is then no 
longer timed to that of the adjacent segments ; its co-ordination with the rest is destroyed, but its 
activity is maintained. Its activity ceases only if the segmental fraction of the spinal cord is 
itself destroyed. This instance is paralleled by the sexual ‘clasp’ reflex of the brachial segments 
of the male frog, maintained when all the rest of the central nervous system is destroyed.t 
Similarly, in the cat and monkey, the reflex wagging of the tail persists when behind the spinal 
transection only the sacral region of the cord is left intact. 

To judge how far the reactions of the spinal organ can be really considered as segmentally 
arranged, it is important to have a conception as clear as possible of the spatial relations of the 
spinal nerve-cells. “The delineation of the spinal segment usually given presents its true extension 
very imperfectly. ; 

The edifice of the whole nervous system is based, as upon two pillars, upon two nerve- 
cells, the afferent root-cell, and the efferent root-cell. These forma fundamental spinal arch upon 
which all other neural arcs are superposed and functionally rest, immediately or mediately—even 
those of the hemispheral cortex. The afferent root-cells of the spinal axis may be arranged in 
three great groups: (1) ‘cutaneous,’ from the sense organs of the skin; (2) ‘muscular,’ from the 
sense organs of the musculo-articular apparatus ; (3) ‘sympathetic,’ from the viscera. Each spinal 
afferent root consists typically of three constituent roots—a cutaneous, a muscular, and a visceral. 
The efferent root-cells are conveniently grouped in two sets, one supplying skeletal muscles (1), 
the other entering the sympathetic chain (2) to innervate the musculature of the blood-vessels, of 
the skin, and of the viscera, including some secretory apparatus in the two latter. 

To deal with the afferent root-cells first. The cutaneous afferent root-cells have their 
perikarya or cell bodies in the spinal ganglion. Probably in each one of the spinal ganglia the 
majority of the cells belong to nerve-fibres afferent from skin. ‘The peripheral distribution of 
the collection of cutaneous nerve-cells of each spinal ganglion occupies a semi-zonal field of body 
surface. {| The zone is relatively wide, and invests a little more than the entire width of one 
lateral half of the body, trespassing slightly across the middle line both ventrally and dorsally. 
In the regions of the trunk and neck and perineum this zonal arrangement is quite obvious, but 
in the regions of the limbs it is less so, and at first sight appears departed from. ‘The skin fields of 
the last three cervical and the first two thoracic, and of the last two lumbar and the first two 


sacral ganglia, are entirely confined to the limb, and do not meet the middle line of the body either 


*¢Journ. of Morphology,’ 1894, vol. ix. + Goltz, ‘ Centralb. f. med. Wissensch.,’ 1870. 
{ Sherrington, ‘ Phil. Trans.,’ 1892, London. 
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ventrally or dorsally. But when the skin fields of the ganglia of the limb* region had been 
carefully ascertained, the results collated showed clearly that both in the brachial and in the pelvic 
limbs the zonal form of the fields still obtains, each semi-zone being wrapped half round the limb 
instead of half around the body. Hence exist what I have termed the ventra/ and dorsal axial 
lines of the limbs ; these, forming, as it were, lines of watershed between the systems of semi-zones 
(Pl. I), meet at their one end the mid-ventral and mid-dorsal lines of the ody, and may be 
looked upon as lateral extensions thereof. ‘They are not hypothetical, for they are exhibited in the 
striping of animals. The dorsal axial line of the hind-limb is particularly well seen in the tiger, 
the stripes in that limb starting from it ; the dorsal axial line of the fore-limb is in the same way 
well seen in the zebra. ‘The dorsal axial lines of the fore-limbs, diverging from the dorsal median 
line of the body, are in the ass usually marked by heavier pigmentation of the coat, thus making 
the ‘sign of the Cross,’ well known on the ass’s shoulders. These axial lines of the limbs are of 
much clinical importance, for they are the boundaries observed by the upper limits of the anesthesia 
accompanying injuries to the spinal cord or spinal roots in the regions of the lower and upper 
limbs respectively. 

The skin fields belonging to the spinal ganglia are wide, and that for each ganglion largely 
overlaps its neighbours. In the monkey I have not been able to satisfy myself that there is any 
patch of skin in the neck, trunk, or limbs that is not in receipt of sensory supply from each of two 
adjacent spinal ganglia. In certain regions (e.g. the hand, the foot, the pinna of the ear) the skin 
receives sensory fibres from each of three adjacent ganglia.t ‘This explains how it is that the limb 
plexuses exist. [he peripheral nerves of the limbs have to obtain components from more than 
one spinal nerve root. ‘The innervation of the limb musculature is similarly plurisegmental. If, 
therefore, the spinal ganglion be considered a segmental collection of nerve-cells, those nerve-cells 
at their peripheral endings impinge on the body-surface over a zonal area which overlaps slightly 
with the contra-lateral zonal areas across the ventral and dorsal lines, and overlaps greatly with 
the collateral zonal areas next in front and next behind (headward and tailward) of itself. “This 
zonal skin area may be considered a ‘segmental field’ of skin. 

As to which of the cell-bodies in the spinal ganglion belong to the skin-fibres, the 
probability is that the size of the nerve-fibres is a guide to the size of the cells, and that the ‘skin’ 
cells are neither the largest nor the majority ot the very smallest ; they are probably the majority 
of the medium-sized cells. 

The visceral constituent of the spinal ganglion is probably in all the ganglia numerically 
the weakest. It can be considered as practically, if not absolutely, wanting in the cervical ganglia 
and in the ganglia of the lower lumbar nerves. In order to estimate what number of the cells in 
a thoracic ganglion belong to its afferent path from the viscera, all that is necessary is to divide the 
spinal roots afferent and efferent proximal to the ganglion, and subsequently, when time has 
been allowed for degeneration, to count the number of myelinate fibres remaining sound in the 


white ramus communicans. In this way I found the sensory ganglion of the tenth thoracic 
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nerve of the Cat contain some 130 visceral nerve-cells ; and since the fibres are small, the cells are 
probably small also. 

It is curiously difficult to initiate reflex reactions by sensory stimuli applied to the viscera 
themselves. In his great essay on ‘The Parts that feel and the Parts that do not feel,’ * Albert 
von Haller in the last century brought forward abundant evidence of the extraordinary violence 
of insult that may be inflicted on the viscera even in absence of all anasthesia—his observations 
were a hundred years prior to the advent of anasthetics—and yet fail to evoke of sensation any 
sign whatsoever. Certain visceral conditions are, however, well known to be characterised by 
extremity of pain—instance the pain of renal or of biliary colic. In order to examine the 
afferent channels from viscera, I have had recourse to vascular reflexes obtainable in anesthetized 
animals, and find they can be strikingly well provoked by the injection of a little fluid into such 
passages as the ureter and bile-duct. “The mechanical distension transiently produced by injecting 
a few cubic centimetres of saline solution into the bile-duct immediately and regularly evokes 
a marked rise of arterial pressure. Plate II is an instance of the reactions which occur, typical 
bulbo-spinal reflex actions implicating the vaso-motor system ; vaso-motor spasm of considerable 
intensity, and often presenting a double maximum, succeeds each irritation. 

These reactions seem to offer a means of experimentally determining the exact paths along 
which nervous impulses travel from these viscera to the spinal axis. I hope shortly to finish the 
work I have commenced in that direction ; the results obtained confirm those published by Dr. 
Bradford on the kidney, f and by Dr. Head { on the ureter and other viscera ; from the liver the 
afferent path as regards nerve-roots seems especially wide. Regarding overlap of distribution in 
the viscera neurons lying in adjacent spinal ganglia, little or nothing is known. Of the three 
great sets of channels, vagus, thoracic afferent roots, and sacral afferent roots, it is probable that at 
their boundaries there is some overlapping in their peripheral distribution. 

It has by a number of authorities§ been denied that the skeletal muscles possess afferent 
nerves, but analysis of the nerve trunks, entering and supplying the muscles, into their component 
fibres derived from the ventral and dorsal spinal nerve-roots respectively, demonstrates that the 
skeletal muscles receive quite a large number of nerve-fibres that are sensory. These nerve- 
fibres vary much in size, and some of them are the largest afferent nerve-fibres in the body. 
Many of them are, however, very minute, and these last seem to end in relation with the blood- 
vessels of the muscles. “The sense-organs in the skeletal muscles are the ‘muscle-spindles,’ the 
tendon organs of Golgi, the end-bulb-like bodies in perineurium, the end-organs placed at junction 
of muscle-fibre and tendon especially exemplified in the eye muscles, and a few Pacinian 
corpuscles. In the nerves to some muscles the afferent fibres are as numerous as the efferent. It 
is probable that the very largest cells in the spinal ganglia belong to some of the nerve-fibres of the 
muscle-spindles. Probably in every spinal ganglion a number of the nerve-cells belong to the 
sense organs of muscle. 


The topographical distribution of the afferent neurons of the skeletal muscles at the 


* Opera Minora,’ vol. 1, Lausanne, 1772. ft ‘ Brain, 1893. 
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periphery will be best dealt with after dealing with that of the motor root-cells themselves, and 
these will now be taken. 

Regarding the efferent root-cells of the spinal cord, these, like the afferent, are divisible into 
three groups—those related to the skeletal musculature, to the skin, and to the viscera. “The 
position of the nerve-cell bodies or perikarya of these efferent neurons, unlike that of the afferent, 
is intra-spinal. There is good evidence that they lie embedded in the cord at the same segmental 
level as the point of emergence from the cord of the nerve-fibres they originate.* If into the cord 
a clean incision be made transversely to its length, there ensues degeneration of the motor-root 
fibres immediately at the side of the trauma, and not in front of or behind that level ; the root-fibres 
therefore do not take their origin any distance in front of or behind their point of exit, or they 
would suffer degeneration. This is well seen in regions where each motor root consists of a series 
of rootlets. It proves each rootlet to be a collection of fibres which represents the nerve-cells 
lying in its own particular level of the grey matter, in fact, so to say, which drains only one 
particular cross-level of the cord. This fact can be combined with the further observation that 
each constituent natural rootlet of the motor root contains fibres which, broadly speaking, are 
distributed to all the structures which the entire root innervates.t Each rootlet of the root can 
thus be described as representing in miniature the entire root. It follows that the position of the 
nerve-cells sending motor fibres to any one skeletal muscle is a scattered one, extending throughout 
the whole length of the spinal segments innervating that muscle; in the limb regions many 
muscles receive their motor fibres from as many as three consecutive spinal roots, and the bodies of 
the nerve-cells innervating those must therefore, inside the cord, extend through the length of 
three whole segments of the cord as a continuous columnar group, and in each transverse level of 
the cord these cells must lie commingled with nerve-cells innervating many other muscles. 
Hence no traumatic injury of the spinal cord can ever paralyze a single muscle alone and apart 
from others. Even the severance of any one whole motor nerve-root cannot paralyze a single 
limb muscle ; the effect of such an injury is to partially impair a large number of the muscles. 

Analysis of the spinal nerve-supply of the muscles of either limb demonstrates that the 
muscular tissue of the limb is arranged in a number of rays,§ there being one ray for each one 
metamer contributing to the limb. Of these rays the tailmost in the fore-and-aft series are the 
longest ; they extend to the extreme free apex of the limb, whereas the foremost, the most 
rostral, pass only as far as the thigh, the next hindward as far as the knee, the next hindward as 
far as the ankle. In the fore-limb of Macacus rhesus, the common rhesus monkey, the four hindmost, 
most aboral rays all contribute to the musculature of the hand. When we inquire how these 
units of the segmental architecture of the limbs, these muscular rays, are related to the 
physiological or functional units of the limb musculature, it is at once obvious that the extent and 
boundaries of the two do not coincide. The definitely-bounded, individual and circumscribed 
masses of muscular tissue which are known as ‘ the muscles’ of the limb are functional 


elements of its structure as a physiological machine. But each of these functional elements is 


* Sherrington, ‘ Journ. of Physiol.,’ vol. xiv, 1892. A.S, F. Griinbaum, /4/d., vol. xvi, 1894. 
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compounded and pieced together out of several rays or myotoms. Moreover, the boundaries 
between the myotoms do not correspond with the intervals between muscles, nor even with those 
between muscle-groups. Degeneration experiments, which enable one to follow the distribution of 
the individual nerve-fibres of a root, show that in some muscles the number of motor nerve-fibres 
given by a spinal root to a muscle is too small to evoke from the muscle any contraction obvious to 
inspection, for cases occur where a limb-muscle receives three, four, or five motor nerve-fibres 
from a particular nerve root. ‘This I regard as strong testimony to the morphological character of 
the overlap.* 

Another feature of the distribution of the motor fibres of the spinal root to a muscle is the 
remarkable frequency with which it is subject to slight individual variation, In examining 
a series of individuals (cats, monkeys) it is almost rare to meet two consecutive members of the 
series in which the root distribution is not by the degeneration or experimental method 
demonstrably somewhat different. “Thus, as instance, I found in some individuals supinator brevis 
innervated from the sixth and fifth cervical nerves; in others, from the sixth and seventh. In the 
former case the innervation of the muscle may be termed ‘prefixed’ type, in the latter 
‘ post-fixed. t In my observations I considered it sufficient to group the individuals into two 
classes, a post-fixed and a prefixed. The absolute segmental level of a muscle is variable over the 
range of nearly a whole segment’s length ; the re/ative segmental position is, however, preserved 
inviolably constant. 

As regards the afferent nerve-fibres of the skeletal muscles, after their existence had been 
proved by the degeneration method, it was possible by the same method to examine their relation 
to the spinal segments. The result of such examination shows that not only are the skeletal muscles 
in many instances, pre-eminently in the limbs, pluri-segmental as regards their motor innervation, 
but that they are so also in regard to afferent innervation. I was able to show { that the afferent 
nerve-fibres distributed to a given muscle arise in the root ganglia of exactly those spinal segments 
whence emerge the motor-fibres for the same muscle. In other words, the sensory nerve-cells 
directly connected with a given skeletal muscle are in any one individual always of the same 
segmental level as are the motor nerve-cells connected with the same given muscle. In so far, 
therefore, the simplest reflex arc connected with a muscle may be expected to lie exactly in those 
segments, whence issue the motor fibres of the muscle ; and is a segmental arc. In the ‘knee- 
jerk’ we have evidence of a reflex arc traceable mainly from and into vastus medialis and adjacent 
part of crureus,§ and this affords, as it were, a test case for the above conclusions. It confirms 
them perfectly. It exemplifies them by its narrow local extent, and by the segmentally horizontal 
correlation of the motor and sensory components. 

What was said above to show that the intra-spinal site of the efferent root-cells is at the 
segmental level of the point of emergence of the motor cell-fibres itself, applies to the motor 


nerve-cells of the sympathetic system as well as to those of the skeletal muscles, “The sympa- 


* Sherrington, Presidential Address to the Biological Society of- Liverpool, 1898. ~~ 
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thetic efferent cells are not, however, present in all spinal segments, but are, as above noted, 
absent from the cervical and lower lumbar. They are distributed peripherally to the motor-cells 
of the pre-vertebral ganglia of the sympathetic chain, and constitute the system of fibres which 
Langley * calls pre-ganglionic. Their distribution to the ganglia is an overlapping one, so that 
each pre-vertebral ganglion contains endings from a short series of sympathetic efferent spinal 
roots. Hence it is that so small a muscle as the iris receives efferent fibres from three spinal 
roots ; in the monkey the first, second, and third thoracic.t 

It has by many been supposed that even in the cord of the higher vertebrata the collection 
of the perikarya of the efferent root-cells, corresponding as they do with that of the afferent root- 
cells, which form the spinal ganglia, must be massed into a group for each spinal segment, 
separated by a distinct interval from that of the next segment.{ As a fact, not only is evidence 
of such an arrangement as this wanting, but the evidence as regards the mammalian cord refutes 
the supposition. § So complete a fusion of the individual segments has in the course of ages gone 
on that, as regards the position of the efferent cells inside the cord, although no demonstrable 
degree of segmental interlap exists, yet also there is now existent no demonstrable segmental 
interval. 

Just as the peripheral distribution of the afferent fibres of the spinal ganglia is an over- 
lapping one, so also is their central intra-spinal ramification. ‘The central or stem-process of each 
afferent root-cell, after entering the cord, bifurcates, as was discovered by Frithjoff Nansen, || 
the explorer. The headward branch of division ascends in the case of many fibres to the grey 
‘nuclei’ of the dorsal columns in the bulb; the aboral branch descends only a short distance, 
one or at most a few spinal segments. Each of these branches gives off collaterals into the grey 
matter, especially into the grey matter of the same segmental level as the root-ganglion, whence 
the root-fibre in question is itself derived. ‘The intra-spinal extent of the afferent root-cell is 
therefore far more expanded than is that of the efferent root-cell. The dendrites of the latter 
seem to be practically confined to the segment in which the cell-body lies; the processes of the 
afferent fibres on the hand are traceable far into segments widely distant from that into which 
they plunge first on entering the cord. There is, therefore, a very extensive intra-spinal overlap 
in the central distribution of the afferent fibres derived from each afferent root-ganglion. 
Whether this applies equally to the afferent root-cells connected with the viscera, as to other 
afferent root-cells, is a question. The focal and circumscript character of the areas of tenderness 
and referred pain studied by Head in cases of visceral disorder, and their correspondence in 
situation with the skin areas of distribution of the individual spinal roots, suggests that the central 
end-distribution of these visceral afferent fibres is less diffuse and less extensive intra-spinally, and 
more concentrated within a single segment. On the limitations of intra-spinal root-overlap the 
study of the reference of visceral irritations may give most valuable light. Regarding the 
existence of segmental boundaries to the intra-spinal spread of impulses, observations such as the 


following illustrate the slightness of the evidence in support. If the central end of the afferent 
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root of a thoracic nerve be carefully stimulated with gradually increasing strengths of stimulus, 
the musculature of the chest wall belonging to its own motor root is the first to reply, and all 
parts of it do not reply with equal readiness; certain portions are thrown into contraction more 
readily than others. The inter-costales are rather late; as the intensity of the stimulus is 
increased, the effect, curiously enough, is not easily pushed across the median line; long before 
that passes, some of the musculature supplied by the next adjacent motor roots behind and in 
front comes into play. It is difficult to note a distinct step in the spread, and the spread passes 
often a little earlier to the segment behind than to that in front.* Yet the intra-spinal resistance 
—to borrow electrical terminology—is for its own afferent path in the segment stimulated a little 
lower than in the adjoining. There is, therefore, some functional segmentation. But in the 
case of the limb muscles I could not obtain such evidence. “Taking the flexion-adduction of the 
hallux of the monkey, this reflex could be obtained from each single one of a row of the rootlets 
of the three last roots of the limb-plexus. When obtained from an afferent rootlet of the first 
sacral root, it was obtained with equal facility whichever of the motor roots supplying the short 
muscles of the hallux remained unsevered. ‘There was thus no evidence of a segmental barrier 
of resistance between the spinal segments concerned with the innervation of this muscle. These 
segments in regard to this muscle seem to have become so welded together as to form a physio- 
logical unit. 

‘There is, therefore, some evidence of functional segmentation in the cord; but such 
evidence is yielded best by the Invertebrata. In the Invertebrata it is an ancestral heritage now 
so modified as to lie largely obscured from recognition. It is partly on the assumption of a 
functional segmentation of the spinal cord that the customary manner of dealing with the spinal 
functions as a separate and integral chapter of physiology is justifiable. Otherwise the contents 
of that chapter would more properly be distributed under the various special chapters devoted to 
the separate senses, and their organs and reactions. With Vertebrata this would, as a fact, for 
most purposes be the preferable plan. 

The individual is a mass of living units, their activity co-ordinated together by conductive 
strands (nerve-cells) reacting to the environment. ‘The environment acts on this co-ordinating 
system through ‘sense organs.’ Of these there are sets each attuned to certain species of 
environmental changes. For some changes in the environment no sense-organs have been 
evolved, e.g., for ‘Réntgen rays.’ The channels of access for the environment are olfactory, 
visual, auditory, gustatory, cutaneous, and, finally, the muscular and viscera. We might imagine 
the form of the individual and the disposition of the sense-organs as primitively very simple; for 
instance, a spheroid with a digestive cavity and sense-organs diffused over the surfaces, especially 
the external. Such a form we should expect by evolution to become modified. Its contractile 
(muscular) mechanisms would obtain mechanical advantage (leverage) by elongation in certain 
directions. The lengthwise extension of the vertebrate body and of its lateral motor appendages 


the limbs, are in so far such as might be argued a@ prior7. Such extensions involve simultaneous 


* Sherrington, ‘Phil. Trans. Roy. Soc.,’ London, 1896. 
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extension of the covering surfaces; these surfaces are sentient, and the opportunity of these as 
sense-organs is almost in direct ratio as their mobility. The ‘touch-field’ is thus enlarged, and 
becomes enhanced with greater ‘depth.’ Perceptions of space are favoured. ‘The tactual 
sensations reinforce and check more efficiently those based on the eyes, and on the semicircular 
canals. The visual sense owes its preponderance in providing perception of space doubtless to its 
stimuli emanating from environmental sources relatively remote. Its reactions thus come to 
usually precede in time the other reactions occurring between the organism and the environ- 
mental object. The brightness, or the darkness, or the colour affect the organism from a greater 
distance, and therefore, if the organism and object be relatively moving, in many cases earlier 
than do the other qualities of the object. Sensations of the eye in this way herald and forerun 
sensations that will in due time come to pass through other sense organs. Hence doubtless the 
almost constant relation between direction of vision and direction of locomotion; the two 
coincide. Progression habitually takes the organism into that quarter of space already partly 
explored by his sense; it carries him into his visual field. In the majority of cases the visual 
organs are so set that their field of view is occluded as little as possible by the extension of the 
organism itself. They are so set as to look ‘out’ from some projecting portion of the contour 
of the animal. When the form of the animal is elongate, as it so often is, mechanical advantage 
of leverage having been thus acquired, the visual organs approximate to one of the poles. “That 
pole will then ‘lead’ in locomotion—the eyes look ‘forward.’ In other words, the motor 
mechanism that as it develops elongates, elongates primarily ‘backwards.’ And it is covered 
with skin possessing the usual cutaneous sense-organs. And it has its own ‘muscular sense’ due 
to organs embedded in itself. Side appendages (limbs) thrown off laterally from the elongate 
trunk repeat the primary or axial elongation as regards mechanical leverage for motor elements 
and the concomitance of increased sense apparatus of muscle and of increased sensorial skin 
surface. But, as a rule, the viscera do not extend into the lateral appendages, although for some 
distance into the primary axial or vertebrate, thus ensuring increased absorbent surface. Hence 
there comes to be a great motor apparatus extending back behind the visual organ, and containing, 
besides muscle, a certain amount of visceral cavity; and covered with skin containing cutaneous 
sense-organs. ‘This apparatus it is which chiefly executes the movements of the organism as a 
whole. It can alter the space relations of the mouth and sense-organs in regard to the environ- 
ment, and thus facilitate the nutrition of the organism by securing food; it can remove the 
individual from situations of danger or of injury. It is at the command not only of the sense- 
organs resident in itself and in its own covering, but also of the great sense-organs near that pole 
of the animal which its function is to drive ‘forward’ into visual space. “Che pole where the 
great projicient senses of sight, smell, taste, hearing, and stereotropism (semicircular canals) have 
their organs, is the pole that, by the action of the motor train attached, ‘leads’ in progression, and 
the motor organ itself is after all in the main their instrument. As the animal scale is ascended 
it becomes their instrument more and more. The pole at which they lie is called by anatomists 
‘the head,’ and the characters which the great sense-organs and apparatus for intake of food 


impress upon it make its identification easy throughout a vast range of animal form. It is signifi- 
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cant in the evolution of animal form that the organ that exhibits most uninterrupted and 
harmonious increase in development as studied successively in passing from lowest to highest is the 
brain. And it is significant that in the nervous system—segmental system as it is—the brain is 
developed not in those segments whose sense-organs are ordinary cutaneous (tactual, &c.), 
muscular and visceral, but in the segments connected with the visual, olfactory, and otic sense 
organs; in other words, the brain is developed in the ‘head.’ ‘The head is, so to say, the 
individual; it has the mouth, it takes the food, including air and water, and it has the main sense 
organs providing the data for both space and time. ‘Yo this the body, an elongated motor organ, 
with a share of the viscera, and the skin, is appended primarily as a machine for locomotion. ‘This 
latter must of necessity lie at behest of the great sense-organs of the head. 

Hence there are nervous conductors from the great sense-organs of the head to the great 
motor organ which the contractile masses of the body together form. ‘The spinal cord contains 
this strand of conductors, and it is in this sense a mere appendage of the brain. But the motor 
organ itself is a complex structure, built up of many parts. “These, if the movements asked for 
by the projecting senses are to be adequately executed, must be co-ordinate in action. One of 
the main functions of the spinal cord as an independent organ, and apart entirely from the 
influence of the cranial sense-organs, is the regulation of the activities of the several muscles, so 
that they act co-ordinately. This is well illustrated by analysis of the muscular movements 
which ensue in the limbs as result of reflex excitation in the purely spinal animal. In the limb 
region, in response to an excitation of a single afferent root, the spinal discharge of centrifugal 
impulses evoked tends to occur by more than one efferent root.* It is a plurisegmental 
discharge to plurisegmental muscles. But 


though plurisegmental it is in each segment 


Macacus . Feb.4£°1896 


only fractional. It treats any one muscle 
Prebrach. of the limb as an entity, either exciting it 
muscle : afc 
wholly or leaving it wholly alone. The 
contraction of the various segmental por- 
tions of the plurisegmental muscles are 
thus co-ordinated together. “They are knit 
together by a co-ordination which 1s 
Triceps 
; wholly spinal. Further, the co-ordination 
Triceps oe 
of antagonistic muscles is managed by 
the spinal cord. After Winslowt and 
Prebrach. | Duchennef it became current doctrine that 


antagonistic muscles act co-operatively in 


the sense that the antagonist, by contracting 


Fic. : . 
ae synchronously with the prime muscle, 


* Sherrington, ‘Journ, of Physiol.,’ xiii, 1892. t+ ‘Anatomical Expositions,’ &c., 174.9. 
{ ‘Localisation,’ &c., 1867, and Rieger, ‘Archiv f, Psych.,’ xiii, 
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modulates and helps to guide and control 
the nicety of the movement. I have shown 
that in spinal and in bulbo-spinal reactions* L.Eye ball 

(Fig. 1), and also in many cortical t (Fig. 2), Macacus 

the reverse is in reality the condition of the ViLR.Cut 


antagonist. It is, in fact, relaxed by in- 


hibition of its tonus and of any pre-existent 
contraction, at the same moment as the Fic. 2 
. e . é . . 

opposed muscle is by pressor influence thrown into contraction. For instance, when the 

motor neurons of the flexor muscles of the elbow are excited by pressor influences in a 

spinal reflex, the motorneurons for the extensor muscles are simultaneously inhibited as a part 

of the same spinal reflex (Fig. 3). But not only are certain movements about a single joint 
opposed one to the other, certain move- 


- 29 "Nov. 1895 ments at one joint are opposed to certain 
Prebrachial 


)- wiaseles movements at neighbouring joints. “Thus 


the extensors of the knee may be called 
antergetic not only to the flexors of the 
knee, but also to the flexors of the hip 
(Fig. 4). In such cases the ‘reciprocal in- 
4 Triceps me 

brachii nervation,’ as I have ventured to style this 


mode of co-ordination, still holds good. 


The groups of motor neurons selected by 
Fic. 3 the reflex action, as it irradiates over spinal 
segments lying apart in the limb series, are still those of synergetic muscles. For instance, while 
the reflex movement evoked by excitation of the fourth lumbar root, or that responsive to the 
long saphenous nerve, usually primarily contracts the flexors of the hip, it involves next, not 
the antergetic muscles in the nearest spinal segments, (e.g. vasti and crureus), but inhibits these 
and embouches into the synergetic of more distant segments, e.g. the hamstring muscles. In this 
way the reflex action, by its ‘spread,’ develops 
a combined movement—synthesis a har- Expt: 3f 
mony.{ ‘The mere inspection of a movement 182 Nov. 1894 
without further analysis of it is a very insecure 
guide toward judgment whether it be co- a vivre a 
ordinate. The joints and muscles of the limb 
have been evolved contemporaneously and 


together in the course of the history of the 


individual and of the species. No muscle can 


therefore be thrown into action which will Fic. 4 


* ‘Journ, of Physiol.,’ vol. xiii, 1892. { ‘Philos. Trans. Roy. Soc.,’ 1896 
‘ , ‘s O : , ‘ > ‘ 
+ ‘Proc, Roy. Soc.,’ vol. li, 1893. See also Hering and Sherrington, ‘Pfliger’s Archiv,’ 1897. 
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move the limb in any which is an unnatural direction. But from the above given criteria 
co-ordination is abundantly shown to result from the independent power of the spinal arcs, 
altogether apart from the influence of the great cranial sense-organs and of the cerebral arcs 
superposed upon them. ‘These senses and the brain find elementary co-ordination of the skeletal 
musculature an achievement already provided and to hand in the spinal cord itself. No doubt 
the product of the instrument is, with the instrument itself, given over to their use in the 
reactions they elicit from the spinal musculature. 

Now a co-ordinate movement must be ‘ purposive’ in character. Considered in the light 
of the Darwinian theory, the normal connections between any afferent path (e.g. piece of skin) and 
the motor apparatus conjoined with it, can only be such as to lead to ‘ purposive’ movement. 
The question rises, what are the purposes of which the reflex movements of a spinal animal are 
indicative. 

It is curious that the sense-organs of both skin and muscle seem to evoke reflexly very much 
the same movements the one as the other. Irritation of the skin of the foot evokes flexion at 
knee and hip; so also does stretching the muscular sense apparatus in the muscles and ligaments 
at the pedal and ankle-joints. Certain reflexes are, however, peculiar to skin stimuli; such are 
the ‘scratch’ reflex and the ‘shake’ reflex in the spinal dog. ‘The former is started by stimuli 
applied to the skin of the trunk, perhaps especially of side, flank, and shoulder. It consists in a 
rhythmic flexion of the hind limb, causing it to execute scratching movement. ‘The latter is 
started from the skin of the trunk, especially perhaps along the mid-dorsal line, and consists in a 
shake of the whole body, like that given by a dog on coming wet from water. I have seen it 
occur synchronously in the neck and head above the lesion, and in the ‘spinal’ part of the animal. 
Spinal transection had been performed at the sixth cervical level; on scratching the skin over the 
scapula—partly anzsthetic, partly still sensitive— ‘a shake’ was induced in the musculature above 
as well as behind the lesion. Grainger* concluded years ago (1837) that spinal cutaneous reflex 
movements ‘are either of a preservative character or resembling the motions which the function 
of the organ requires.” From the tegument of the spinal creature reflex movements of ‘preening’ 
or ‘cleansing’ can be elicited. The ‘preening’ actions of the spinal insect and crustacean fall 
into this category. “Che spinal frog wipes irritants from its skin. The posturing of the hind 
limbs and tail of the spinal dog concurrently with reflex evacuation of the faces, keeping the body 
from being soiled, come into the same class of purpose as the ‘shaking’ and ‘scratching’ reflexes 
above mentioned. ‘The conjunctival reflex closure of the eye, essentially a cutaneous, and, from 
the broad point of view, a spinal reflex, is similarly preservative of the sensorial surface whence it 
is initiated. 

Another purpose which seems unmistakably signified by spinal reflex movements is pro- 
gression. ‘To apply the appropriate stimulus for this is perhaps a little difficult.  Dytiscus, the 
water-beetle, when reduced to a spinal condition, does not run when placed on a firm surface, 


although each of its legs responds by free movement when individually stimulated. But on being 


* ¢ Functions of the Spinal Cord,’ London, 
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placed in water it immediately swims * co-ordinately forwards. I find the spinal frog when placed 
in water at 38° C. swims for a short time co-ordinately forward with good bilateral strokes. Water 
at that temperature acts as a stimulus to the skin of the frog. The fish and triton after removal 
of the brain exhibit co-ordinate progression. In the dog, after spinal transection at the seventh 
cervical level, skin stimuli to the under surface of the body cause co-ordinate movements of all 
four limbs, the posture assumed taking the diagonal symmetry indicative of quadrupedal progres- 
sion.t Even when the spinal transection is in the lumbar region, pressure upon the pad usually 
elicits protraction and flexion of hip and knee in the homonymous hind-limb, and retraction with 
extension of hip and knee in the crossed hind-limb. The spinal reflexes significant of progression 
seem to contribute chiefly toward preparatory posture in readiness for onset of action executed by 
the musculature under the driving of higher centres. “Thus the well-known reflex spinal posture 
of the frog is flexion of the hind-limbs, the extensors of the joints being taut and ready for the 
jump. Again with the primary reflex from the pedal end of the limb of the mammal. This 
does not, as might have been expected, take the form of the propelling stroke, the extensor push, 
that thrusts the body forward. On the contrary, it lifts the limb from the ground. ‘This is, no 
doubt, the phase of the limb’s movement of progression which requires the least output of force ; 
it resembles in so far the expiratory phase preparatory for the inspiratory of respiratory movement ; 
it may almost be likened to the diastole of the heart, and, like both these, it is preparatory for a 
succeeding phase of greater muscular effort. That phase ensues also in the spinal animal, but it 
is the less easy to obtain, and less soon emerges from the depression of traumatic shock. 

The spinal reflexes which in their results approximate most closely to the normal reactions 
of the unmutilated individual, are those connected with the pelvic and abdominal viscera. Defa- 
cation, micturition, parturition, menstruation, genital turgor, seminal emission—these and other 
analogous functions are executed as spinal reflexes in a manner presenting little or no physiological 
defect from the normal. Their ‘purpose’ is clear. If the bulb be included with the spinal 
cord, and these together, including their peripheral nerves, be isolated from the rest of the nervous 
system, the animal as regards its visceral life, including that of the heart and lungs, is practically 
intact. “The viscus concerned with the intaking of gaseous food is innervated from a cranial 
nerve, the vagus; hence its ‘nervous centres’ lie in the bulb. An important part of the 
circulatory muscles, namely the cardiac, is similarly innervated by a cranial nerve, hence likewise 
has a bulbar nervous centre. ‘The existence of respiratory centres for the muscles of inspiration 
and expiration as independent from the bulbar centre remains still unproven. The existence of 
spinal vaso-motor centres subsidiary to the bulbar is asserted on the ground that it is still possible 
to obtain reflex alterations of blood pressure when the cord has been transected at calamus 
scriptorius if strychnia be exhibited to heighten its reflex activity. “To demonstrate the existence 
of potent vaso-motor centres in the spinal cord does not, however, require the exhibition of strychnia. 
It is enough to allow the lapse of a few days or, better, weeks after transection of the cord in the 


cervical region. The blood pressure will then be found to have in the carotid of the dog a mean 


* Carpenter, ‘Comparative Physiology,’ London, 1850. + Sherrington, ‘ Journ. of Physiol,’ xx, 1897. 
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value of something over 100 mm, of mercury (PI. II). By stimulating the skin mechanically 
or by temperature changes, or by faradising the central end of an afferent nerve, eg. of the 
foot, reflex increase of blood pressure raising it 20 to 30 mm. of Hg is easily obtained. It is 
only in the first few hours immediately succeeding the initial trauma of transection that the cord, 
being in a condition of shock, gives no reflex response by its vascular musculature any more than 
by its skeletal musculature. This visceral shock seems no more severe in the higher than in the 
lower vertebrata. It is as regards the performances of the skeletal musculature that great 
difference exists in regard to shock distinguishing between the spinal frog and spinal monkey. I 
have ventured to suggest that the spinal shock of the latter animal is connected with an isolation 
dystrophy such as occurs in cases where nerve-cells habitually actuated by other nerve-cells are 
suddenly and completely cut off from their influence. That the difference is very great and real 
between lower and higher types in this respect of spinal shock is shown by such instances as the 
following. ‘The cat from which the Rolandic area of the cortex has been removed, so as to ablate 
the whole of the limb centres from one hemisphere, if some weeks later ‘ decerebrate rigidity’ be 
induced in its limbs, yields the rigidity without perceptible difference between the sides both right 
and left. But in the monkey similarly prepared, a great difference between the limbs of the two 
sides is apparent. ‘The rigidity on the side crossed to the cerebral lesion is very much less than on 
the homonymous side. At the same time it must not be thought that the whole depression of 
function in the parts innervated behind the spinal transection is due to removal from them of merely 
cerebral influence. ‘That that cannot be the case is shown by a fact that I have several times had 
opportunity to observe, namely, that the performance of a second spinal transection some weeks 
later, and some segments behind a former spinal transection, is followed by the recrudescence of 
many of the original symptoms of depression of function that had followed the original transection. 
It is significant that such a second transecticn behind a previous one causes a considerable increase 
in the descending spinal degeneration, showing that there descend from upper parts of the spinal 
cord many channels arising in those upper spinal regions, and connecting them with other spinal 
regions further back. 

Whence comes the great difference existent between, on the one hand, ape and man, and, 
on the other, fish and frog, as regards the depression of the reactions of the skeletal musculature 
ensuent upon total transverse lesion of the spinal cord ? 

To refer briefly for a moment to initial shock due to spinal section in the monkey, there 
can hardly be witnessed a more striking phenomenon in the whole physiology of the nervous 
system. From the limp limbs, even if the knee-jerks be elicitable, no responsive movement, 
beyond perhaps a feeble tremulous adduction or bending of the thumb or hallux, can be evoked 
even by insults of a character severe in the extreme. That which the delicate yellow spot is to 
the sensifacient sheet of the retina, may the thumb and index be said to constitute in the great 
sensifacient field of the limb. Nevertheless a hot iron laid right across the thumb, index, and 
palm remains an absolutely impotent excitant, or able only to evoke a faint flexion of the thumb ; 
the crushing of a finger has no greater effect. A huge afferent nerve, such as the internal 


saphenous, containing some five thousand sensory nerve-fibres, when laid across the electrodes and 
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subjected to currents absolutely unbearable upon the tongue, elicits no response, and probably no 
movement whatsoever. ‘To the whole popliteal nerve, representing an area of sentient skin which 
includes the entire sole and much of the leg besides, intolerable faradisation can be applied 
without response. A more impassable condition of block or torpor can hardly be imagined ; its 
depth of negation resembles, to superficial examination, profound chloroform poisoning. 

Shock is not only more severe in the monkey than in the other laboratory types, but it is 
also more lasting, and its symptoms are more profound and prolonged than in any other animal I 
have observed. The symptoms of shock, in many monkeys, persist for days instead of hours and 
minutes, as in cat and dog. It is important to note that in the monkey, much of what we are, 
from observations upon the lower animal types, inclined to regard as temporary, and relegate to 
block or ‘shock,’ in Goltz’s language ‘ Hemmungserscheinungen’—not ‘ Ausfallserschernungen ?— 
proves, under prolonged observation to be, I must admit, permanent ; in fact, to be true deficiency 
phenomenon. Every histologist acquainted with the comparative structure of the spinal cord in the 
ape and in the dog must have been impressed with the far greater complexity obvious in the 
former. ‘The above evidence is in accord with that, for it shows that the same trauma inflicted 
upon the cord leads, in the monkey, to much heavier permanent defect than in the dog; just as, 
in fact, ablations of the cortex cerebri are pregnant with far greater ‘ 4usfallserscheinungen ” in the 
monkey (Ferrier, H. Munk, Schafer, Mott) than in the dog (Goltz). It is reasonable to argue 
still severer results in the case of the human spinal cord ; of which, again, we know the minute 
structure to be yet more complex still. The permanent damage done is therefore, as well as the 
initial shock, disproportionately greater in monkey than in cat and dog. 

My own experience leads me to think that the condition of a spinal cord isolated by a 
spinal transection is often more normal a few hours after the transection than it is when long 
periods of weeks and months are allowed to elapse. I am well aware that this is contrary to the 
opinion of Goltz and others. The advantage believed to accrue from waiting is that the 
phenomena of shock may have time to pass off as completely as possible. How long the phenomena 
of shock may last at longest is a question on which very different views are held. Goltz, to 
whose trenchant observations and bold system of experiment we owe so much of our knowledge of 
the physiology of the central nervous system, is the founder of a school which works in the belief 
that the phenomenon of shock may persist for months, even years. It is, as far as not, merely a 
matter of nomenclature, a question on which no definite decision seems as yet possible. I myself 
have gradually been driven to the belief that ‘shock’ does not take long to pass off, 7.c. does not 
at longest persist for more than a few weeks. Iam not considering here the complications arising 
out of long badly-healing and suppurative wounds, and the continual irritation they may produce 
if situate in the nervous system. But though shock passes off, the alterations produced in the 
isolated cord or piece of cord (by permanent withdrawal of the influences it has lived accustomed 
to receive from other portions of the central nervous system) progress, and are in a sense 
cumulative. The decreasing depression merges—at present inextricably for us—in the increasing 
onset of an ‘ isolation-dystrophy.’ Much of what is called ‘shock,’ in regard to the mammalian 
cord, is, I believe, due to ‘isolation-dystrophy,’ and is really permanent,—that is to say, would 

5 


42 THOMPSON YATES’ LABORATORIES REPORT 


not pass away if the animal were to live healthily for any number of years. “The most favourable 
time for the examination of the independent capabilities of the spinal cord is that when the sum 
of ‘shock’ and ‘isolation-dystrophy’ together is of smallest amount. ‘That time, compounded 
as it is of two such variable factors, is itself extraordinarily variable. In result of spinal transection 
in monkey, I am sure that ‘shock’ lasts longer, and that ‘ isolation-dystrophy’ comes on earlier 
than in the other animal types commonly observed in the laboratory. It is the conjunction of the 
periods of these two phenomena which renders so difficult and so largely defeats attempts at 
observations on proper spinal reactions of the monkey. If the overlap of the two is great, then 
no spinal reflexes, or only the merest traces of them, may be observable. In man it is only natural 
to suppose—and what clinical experience I have had access to strengthens me in the belief—that 
even more than in monkey will ‘shock’ be protracted, and ‘ isolation-dystrophy’ speedy and 
severe. The observations of Bastian,* Bowlby,t and Bruns, teach us that the clinical picture of 
the effects of total transverse lesions of the human spinal cord does not accord in the way that 
medical text-books have been wont to describe with the long-known results obtained from the 
transected cord by the physiologist. Older physiological experiments are, however, not based on 
nervous systems so approximate to the human as is that of Macacus, Cercocebus, &c. Of these 
latter I would say that their condition after spinal transection commonly resembles in its features, in 
the most striking manner, the condition of spinal depression observed after spinal translesion in 
man, and considered by Bastian to be the typical status. 

My results on monkeys bear out strikingly and fully what Bastian describes as the typical 
condition in man, after complete transverse destruction across the cord. ‘The chief difference is 
that in the monkey in most cases—partly, perhaps, because the lesion is more localized by 
experimental infliction than by accidental—the depression is not so severe. For instance, the 
knee-jerk, which disappears almost immediately after the transection, returns usually in a week or 
ten days,§—often, however, not for three weeks ; occasionally, on the other hand, in ten minutes. 

The great motor organ—the skeletal musculature—is at the command of the sense-organs. 
Not only is it actuated by contact sensations evoked in the neural system of the individual by the 
tangible quality of the circumambient environment; each light that causes the animal to move, 
each sound, each odour, shows how the motor machine lies at the behest of the great sense-organs 
of the head. Now these latter are broadly distinguishable from the sense-organs of the trunk 
inasmuch as they subserve sense possessing the quale of ‘projection.’ For each individual 
creature the material universe is thus separated into two parts, the part that is ‘me,’ and the part 
that is ‘not me.’ I think it was Lotze who said that doubtless to the trodden worm, of these two 
halves the trodden ‘me’ shall surely appear the greater. By a high spinal transection the splendid 
motor machinery of the vertebrate is practically as a whole and at one stroke severed from all the 
universe except that fraction the ‘material me.’ The deeper depression of reaction into which 
the higher animal as contrasted with the lower sinks when made ‘spinal,’ appears to me significant 


of this, that in the higher types, more than in the lower, the great projecting senses actuate the 


* ¢Medico-Chirurgical Transactions,’ London, 1891. + Ibid. 
} ‘Neurologisches Centralblatt,’ Berlin, 1893. § ‘ Foster’s Journal of Physiology,’ vol. xiii, 1892, 
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motor organ, and impel the motions of the individual. "That deeper depression shows how, as the 


individual ascends the scale of being, the more percipient, the more cognisant does it become of 


the circumambient universe outside that is ‘not me;’ and thus the latter acquires a more and more 
preponderant directive influence over those reflections, those expressions of the creature’s neural 
states, its ‘doings.’ 
DESCRIPTION, OF PLATES 
Illustrating The Spinal Animal (CHartes S, SHERRiNGcron, M.A., M.D., F.R.S.) 
Prare | 

Fic. 1.—This figure indicates the position of the limits of the skin-fields of the cervical and 
brachial spinal nerve-roots. Both the anterior and the posterior borders of the fields are indicated in 
the diagram, which renders the figure somewhat confusing. A portion of the limit of each field 1s, 
however, omitted, namely, that portion of it which joins the portions of the adjacent fields to form the 
ventral axial line of the limb. This combined portion of the borders forming the ventral axial line of 
the limb is represented by itself in fig. 2 of this same Plate I. The lines which in fig. 1 indicate the 
posterior limits of the fields are finely dotted lines, thus ......... ; the lines which indicate the @merior 
limits of the fields are simply broken thus----. The number attached to each line signifies the number 
of the cervical or thoracic nerve-root in the enumeration of the vertebral series; thus 4 - - - - signifies the 
position of the anterior limit of the skin-field belonging to the fourth cervical nerve-root, and 1... 
signifies the position of the posterior limit of the skin-field belonging to the first thoracic nerve root. 
The line v signifies the posterior border of skin-field of the cranial fifth nerve. 

Fic. 2 shows the position of the ventral axial line of the brachial limb, v. a. L., as formed by the con- 
junction along the place indicated of the borders of the consecutive skin-fields of the brachial nerve- 
roots. 

Fics. 3 anp 4.—These figures indicate in the same way as the preceding the positions of the 
limits of the skin-fields of the cervical and brachial nerve-roots, and how from those limits an axial line of 
the limb is revealed by their conjunction along a certain line. ‘These figures differ from the two preceding 
only in giving the dorsal aspect of the limb instead of the ventral, p. a. L., the dorsal axial line. In 
fig. 3 the line v signifies the posterior limit of the fifth cranial nerve. 


Prats II 

Fic. 1.—s. p. = the carotid blood-pressure in a cat (chloroform and ether, in addition to morphia 
and curare). An injection of 2} cubic centimetres of normal saline solution at body temperature was made 
into the common bile-duct at the place marked by the signal. A marked rise of the carotid pressure 
ensued. ‘The time is marked in seconds. , 

Fic. 2.—s. p. = blood-pressure tracing from the carotid artery of the cat. s. Electric signal. 
r. Time marked in seconds. From 1 to o on the signal trace 1 cubic centimetre of normal saline solution 
at body temperature was introduced from a reservoir into the left ureter, about five seconds. The animal 
was chemically narcotized with a mixture of chloroform and ether, and by a hypodermic injection of 
morphia; it was paralyzed with curare. ‘l'racing reads from left to right. 

Fic. 3.—8. p. Graphic record of the arterial blood-pressure of a dog (carotid artery) under chloro- 
form and ether after morphia, and in addition to curare. ‘The spinal cord had been completely severed 
transversely at the seventh cervical segment eight weeks prior to the observation. ‘The gap in the signal 
trace shows when, for five seconds, the toes of one hind foot were forcibly extended. ‘The movement 
caused a reflex rise in the arterial blood-pressure, followed by a temporary fall. Zero of B.p. marked the 
level of the float in the manometer under atmospheric pressure. It is noteworthy that there is acceleration 


of pulse as well as rise of the arterial pressure. 
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Descriprion oF FiGuRES I TO 4 IN THE TEXT, pp. 36 and 37. 

Fic. 1.—Reciprocal innervation at the elbows of the monkey, both reacting under one spinal 
reflex. Flexion of one elbow is seen to accompany extension at the other, and at both reciprocal innerva- 
tion of the antagonistic muscles is evident. 

Fic. 2.—Reciprocal innervation of the lateral muscles of the eyeballs under cortical excitation of 
the lett hemisphere, producing consensual movement of the eyeballs to the right, the sixth nerve of the 
right side having been severed at its exit from the base of the brain. ‘The right eyeball is shown to move 
to the right up to the median position ; the left to beyond that. 

Fic. 3.—Reciprocal innervation instanced by the extensors and flexors of the elbow-joint in the 
monkey, obtained as a reflex from the twig of the radial nerve, the animal being in the condition of 
‘decerebrate rigidity.’ ‘The tonic contraction of the extensors relaxes as the reflex contraction of the 
flexors sets in. 

Fic. 4.—Similar to the above, but obtained from the flexors and extensors of the knee-joint, and 
with levers, writing not in harmonious sense as above, but in opposing sense, so that the relaxation of the 


lower rectus femoris muscle is written upwards. 
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‘ Late rigidity,’ ‘ contracture’ 
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The excitation and activity of spinal motor nerve-cell in paraplegic rigidity and decerebrate 
rigidity, compared with the same in poisoning by strychnia and by asphyxial blood 
The groups of motor neurons which in one and the same spinal segment exhibit marked 
inequality of local reflex excitability innervate antergetic muscles 


The spinal reflex action in its irradiation develops a combined movement, synthesizes a 
harmonious movement. : : : : 


Uniformity of reflex response despite spatial variety of provocation (spatial monotony) 
The wry-neck reflex . 
‘Bahnung’ and monotonous repetition 


The breakdown due to fatigue involves the feet rather than the efferent side of the 
spinal arc c ; : : : : : 


The gracilis reflex from tibialis anticus tendon. : ‘ 

The ‘march’ in spinal reflexes of short path 

Alternating discharges 

Employ active contraction in only one group of an antagonistic couple at a time 


EXAMINATION OF SOME. SPINAL NERVES 


The slightness of solidarity of the isolated spinal cord of Monkey considered as a whole 
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Decerebrate extensor rigidity 

Idiolateral flexion prepotent and inhibitant of contralateral extension at knee and elbow 
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INTRODUCTION 


THE present research has been directed towards further examination of the distribution of the 
spinal nerve-roots. It has been pursued in continuance of previous* experiments dealing with 
the spinal pairs below the brachial. The communication treats of especially the skin-fields of the 
cranial and cervico-brachial nerves. In order to obtain a more perfect idea of the scheme of 
distribution of each entire spinal nerve, the muscular fields of the spinal nerves of the limb region 
have been concurrently determined by separate experiments. Finally, these motor and sensory 
fields having been delimited, and thus the requisite prelimen to the original aim of the inquiry 
carried through, the examination of certain spinal reflexes has been proceeded to, I beg to 


sincerely thank Professor Mrcuagt Fosrer for his kind encouragement throughout. 


SECTION I.—DISTRIBUTION OF CRANIAL AND CERVICO-BRACHIAL 
NERVES TO SKIN AND TO MUSCLE 


PREVIOUS OBSERVATIONS 


On the sensory distributions of the cervical and brachial nerves of the Monkey there 
exist no previous observations. On that of the cranial Vth, ALDREN TURNER and FERRIER t 
have not long since published experiments : not, however, undertaken for the same purpose, nor 
dealing with the same portion of the subject as my own. On the motor distribution of the 
brachial nerves there only exist the original observations by FERRIER and Yxo,f and the later and 
less detailed by Forcue and Lannecrace.§ These I have abstracted in a recent paper, || and will 
not therefore recapitulate here. A certain number of observations on the distribution of the lowest 
brachial nerves were included in my own previous papers, and a part of the present results have 
been referred to in a paper by my friend, Dr. Henry Heap,** to whom, though they were not 
perfectly complete at the time, they presented interest for comparison with his own clinical 
observations. ‘The anatomy of the brachial limb is sufficiently alike in Monkey and Man 
to invite collation of results yielded by experiment on the former with the dissections of 
HERRINGHAM,tt and with the clinical investigations of THorBuRN,{{ Heap,§§ Mackenzig,]||l 


STaRR,14 Bruns,*** and others carried out upon the latter. 


* Sherrington, ‘Phil, Trans.,’ B, vol. 184, p. 641, 1892. 


+ ‘Phil. Trans.,’ B, vol. 185, p. 719. Tt ‘Proc. Roy. Soc.,’ London, 1887, p. 440. 

t ‘Proc. Roy. Soc.,’ London, 1881. {tf ‘ Brain, London, 1890. 

§ ‘Compt. Rend. Acad. d. Sc.,’ Paris, 1884. §§ ‘Brain,’ London, parts 1xi, xii, 1893; Ixvii, 1894; 
|| ‘Journ. Physio].,’ Cambridge, vol. 13, 630, 1892. Ixxiv, 1896. 

q ‘Journ. Physiol.,’ Joc. cit. ; ‘Phil. Trans.,’ Joc. cit. || || ‘Journ. Path. and Bacteriol., 1893. 


** ¢ Brain,’ London, 1894, 339, 480, pt. Ixvii, of. figs. 59 @ q ‘ Brain,’ London, 1894, pt. Lxvii. 
and 60, chap. v, p. 474. *** ¢ Arch, f, Psychiat.,’ Berlin, vol. 24, p. 1. 


EXAMINATION OF SOME SPINAL NERVES 51 


Meruops oF EXPERIMENTATION EMPLOYED IN THE PRESENT RESEARCH 
Methods Employed. 

The method of experimentation employed in the present series of experiments has been 
similar to that made use of in Experimental Series No. II. of my previous communication, and 
has been already described in that on pp. 46-49.* It has been designated by Heapf as the 
“method of remaining zsthesia,’ a convenient title which I gladly adopt. A certain number of 
experiments on the brachial plexus were given in Experimental Series I. B, of my previous paper, 
and in them the nerve-roots were severed just outside the vertebral canal. In the experiments of 
the present paper the nerve-roots severed were in every case exposed, and cut through inside the 
vertebral canal ; in some instances the dura mater was not opened, and the whole spinal nerve— 
both its dorsal and ventral roots—was severed proximal to the spinal ganglion ; more frequently 
the dura was laid open, and then the particular dorsal (posterior) roots which it was desired to 
divide were severed without interference with the ventral (motor) roots. In the majority of the 
experiments the animal was allowed to recover from the operation, and time was given for the 
wound to heal completely before the animal was finally examined and killed. Strict asepsis 
and profound anesthesia were maintained in every experiment throughout the entire operative 
procedure. 

With regard to the sections of the Vth cranial nerve a few words of description may be 
given. I have employed a method different from that elaborated by Macrnpie{ and Bernarp§ 
in the rabbit. ‘Cette opération est difficile par la raison simple qu’on ne voit pas ce qu’on fait.’ 
I use the same method as I employed for intercranial section of the oculomotorius,|| a method 
which offers the advantages that the nerve is seen at the time of section, can be divided 
deliberately either distal or proximal to the Gasserian ganglion, is exposed without removal or 
necessary injury to any part of the brain, or to any other cranial nerve, and leaves a wound which 
is comparatively trifling and soon healed. After a skin incision along the temporal ridge the 
temporalis is reflected in part, an ample trephine opening made in the temporal bone, and by 
lifting on wool pledgets the temporo-sphenoidal lobe, the floor of the middle fossa of the skull is 
brought to view. “Through the dura mater lining this the Gasserian ganglion and its three nerve- 
trunks are easily seen—more easily in AZac. rhesus than in Mac. sinicus. ‘Vhe only difficult branch 
to sever is the ophthalmic, which it is not always easy to divide without doing damage to the 
other divisions. It is particularly easy to sever the whole nerve proximal to the ganglion. 

For examining the distribution of the motor roots of the spinal nerves, one mode of 
procedure adopted was similar to one previously used in my examination of the lumbo-sacral 
plexus. 

The vertebral canal was opened, and a short series of the spinal nerves immediately above 
and immediately below the one to be investigated were divided ; a sufficient time, usually 28 days, 


sometimes longer, was allowed for degeneration to have play ; and finally, electrical excitation of 


* ¢Phil. Trans.,’ B., 1892, vol. 184. § ‘Lecons s, 1, Systeme nerveux,’ vol. 2, pp. 48-57, 1858. 
+ ‘Brain,’ London, 1894, p. 469. || ‘Proc. Roy. Soc.,’ April, 1893. 
{ ‘Journ, d. Physiol,’ vol. 1, 302, 1824, g ‘Journ, Physiol.,’ Cambridge, vol. 13, 658, 1892. 
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the various nerve-branches in the limb itself was carried out. Strict asepsis and profound 
anesthesia were maintained throughout the operative procedure. 

In a certain number of experiments on motor distribution, the Wallerian degeneration 
was employed: the segmental nerve, the distribution of whose motor fibres it was desired to 
investigate, was cut completely through just after its exit from the spinal dura as far proximal to 
its spinal ganglion as possible. A sufficient number of weeks was then allowed for the progress of 
the degeneration : this time varied from 18 days to 30 days. The animal was then killed and 
dissected. The nerve twigs to the muscles were fixed and stained with osmic acid and then 
allowed to dissociate in methyl alcohol 40 per cent. in water. They were then exhaustively 
examined in teased preparations. Each nerve twig was completely examined, i.e. the whole 
thickness of it teased up, mounted and preserved in a series of preparations. The accuracy, 
delicacy, and ease of this method surprised me not a little. It is greatly superior to the most 


perfect serial preparations of cross and longitudinal sections. 


GENERAL REMARKS 


The I[Ird, 1Vth, and VIth cranial nerves are distributed to muscles, and to these muscles 
probably distribute afferent nerve-fibres.* In regard to cutaneous sensation, these cranial nerves, 
as also the VIIth, VIIIth, 1Xth, XIth, XIIth, together with the sub-occipital nerve, now often 
called Ist cervical, can be left out of consideration : they possess no sensory skin-fields whatever. 

All the other nerve-pairs possess each a sensory skin-field. In the description of the 
cutaneous fields, the terms employed in my previous communicationt will be advantageous : of 
these a few special ones may be here defined :— 

Mid-dorsal line of the body. {Lines along which the median vertical longitudinal plane of 


Mid-ventral ,, Poms | the body attains the dorsal and ventral surfaces of the body. 


Lines on the dorsal and ventral surfaces of the limb, along 
which the skin-fields of the spinal nerves range themselves 
Mid-dorsal line of the limb. and behave as if at mid-dorsal (or mid-ventral) line of the 
Mid-ventral ,, _,, Pe body. ‘These lines may be considered sideward extensions 
of the mid-dorsal and mid-ventral lines of the body into 

corresponding surfaces of the limb. 

Throughout this paper, anterior means toward the head, posterior away from the head ; 
the spinal nerve roots, therefore, which are in anthropotomy frequently styled anterior and 
posterior, are here spoken of as ventral and dorsal. 

The difficulty of obtaining suitable skin-points to serve as accurate and easily comparable 
indices of the absolute position of the sensory fields was mentioned in my previous paper.[ In 
the head region, points of great value in this respect are furnished by the mouth and the pinna. 

In describing the distribution of the nerves under the heading of each nerve pair 


possessing a cutaneous field, I give first the result of some one experiment thought typical for the 


* Sherrington, ‘Journ, Physiol.,’ Cambridge, 1894 (also ‘Proc, Roy, Soc.,’ February 26, 1897). 
+ ‘Phil. Trans.,’ B, 1892, oc. cit. t Ibid. 
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2) 


nerve-pair. Then are appended any discrepancies between the results in the short series of 
individual experiments. To assist survey of the whole field of distribution of each entire spinal 
nerve—a survey of much importance for the understanding of the physiological anatomy of the 
animal—I have added to the description of the sensorial skin-field a concise account of the motor 
muscular field, determined in special experiments of my own. In the brachial and cervical region 
the muscular innervation in terms of spinal nerves is in the Monkey known only through the 
brief report by FERRIER and Yexo,* and the later and less perfect results by ForcGur and 


LANNEGRACE.T 


FIELD OF THE FirrH CraniaL Nerve (N. f¢rigeminus). Fig. 2, p. 593 and figs. 4 and 5, 


pp. 64, 65, and sketch furnished to Dr. Hean’s paper, ‘ Brain,’ /c. cit., 1894. 


ANTERIOR BORDER 


The anterior border is coterminous with the anterior pole of the body. 


PosrERIOR BoRDER 
The posterior border has been delimited in six individuals. 
Experiment. Macacus rhesus. ?, young. 


Measurements :— 


Infra-pubic notch to umbilicus = = 11 centims. 
Supra-pubic notch to umbilicus = 8 centims. 
Supra-sternal notch to umbilicus = 12 centims. 
Infra-sternal notch to umbilicus == 7 centims. 


The Ist, IInd, and IIIrd cervical nerves severed in the vertebral canal outside the dura 
mater. 

The posterior edge of the upper field of response was several times delimited and yielded 
the following boundary. 

‘The boundary starts from the mid-dorsal line on the scalp at about the junction of 
the posterior with the middle third of the distance from the glabella to the external occipital 
protuberance. ‘Thence it takes an almost rectilinear course to the base of the pinna, about 4 
millims. behind the anterior surface of that structure; the boundary then ascends the hinder 
(mesial) surface of the pinna, finally attaining to and winding over its upper edge. On the 
anterior (lateral) surface of the pinna,{ the boundary descends a little in front of the fossa of the 
helix, sweeps forward below the concha to the tragus, and then dips over it slightly into the 
concha, and winds out again in the notch between tragus and anti-tragus. (The auricle of Rhesus 
possesses scarcely any lobule.) Having thus left the ear, the boundary line proceeds along the 
outer face of the vertical ramus of the lower jaw, running slightly in front of the posterior edge of 
it. It crosses just in front of the angle of the jaw, and turns horizontally inward, toward the mid- 


ventral line of the neck, which it reaches a few millims. above the thyroid cartilage.’ 


* ‘Proc. Roy. Soc.,’ London, Joc, cit, 1881. +* Compt. Rendus Acad. d. Se.,’ Paris, 1884. 
} See Remarks, p. 57. 
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SENSORY DisrURBANCES PRODUCED BY SECTION OF THE VTH CRANIAL, AS OBSERVED 


IN THE MonkKEy 


Skin. 

The whole of the side of the face in front of the anterior border of the sensory skin-field 
of the IInd cervical nerve (vide infra, under IInd cervical nerve, p. 66, and fig. 6, p. 67), is 
completely insensitive. Along the median line, the cross lap of the skin-field of the Vth cranial 
of the opposite side is everywhere slight, it is greatest on the scalp, amounting to, perhaps, 5 
millims. ; on the lip it is barely demonstrable. 

When the animal drinks, which it does without apparent hesitation or difficulty, it begins 
by placing its muzzle fairly in the centre of the basin, but it then almost directly proceeds, while 
drinking, to shift its head sidewise in a direction away from the side of the nerve-section. This 
deviation of the head is only limited by the muzzle finally meeting the edge of the dish in the 
direction of the uninjured side, and against that it is kept, the draught continuing to be taken from 
the corner of the dish on that side. If the dish be shifted, when the animal starts drinking from 
it again he starts from the middle of the dish as before, and then gradually shifts over as before and 
to the same corner. ‘The phenomenon seems attributable to the recognition of the food by sensory 
impressions arising from the muzzle, and from one side of it only, the eyes being too near to the 
pan to be used while the draught is being taken. The animal keeps turning its neck in the 
direction of the one side upon which the food is actually felt, believing the food to lie chiefly in 


that direction. Space-perception here, therefore, depends much on trigeminus. 


The Tongue. 


Sensation is completely abolished on the dorsum of the tongue, from the tip backwards, to 
just in front of the circumvallate papilla. When the trigeminus of one side only is severed, the 
area whence no response to touching, or pinching, or heat can be elicited, has the limits 
represented in fig. 1. It will be noticed that the posterior border is a sloping one, running parallel 
with, and about 2 millims. in front of the row of circumvallate papilla. It will be also noticed 
that the fieid extends apparently fully up to the median line,—in other words, an overlap of the 
fields of the right and left trigeminal nerves (crossed overlap) across the median line of the dorsum 
of the tongue is very slight or non-existent. 

The frenum and the side of the tongue, except behind the level of the line of circumvallate 


papilla, give no response to mechanical or thermal excitation. 


The Gums and Inside of the Cheek. 
‘The gums on the side of the section give no response to mechanical or thermal excitation, 


neither does the mucous membrane lining the cheek, which is in the Monkey peculiarly sensitive. 


The Palate. 


The half of the hard palate corresponding with the side of the nerve-section gives 


no response to mechanical or thermal excitation, So also the half of the soft palate and of the 
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uvula. On the other hand, the surface of the anterior pillar of the fauces and of the tonsil are 
fully sensitive. On the palate, as on the tongue, the anzsthesia extends up to the median line, so 


that a crossed overlap of right and left fields must in this region be very slight, or may not exist. 


Taste. 


After section of the Vth cranial I have always failed to obtain evidence from the Monkey 
of persistence of any sense of taste. Monkeys normally react briskly to quinine or cayenne 
placed upon the tongue. After the intracranial section of the trigeminus the sensitiveness of the 
front two-thirds of the organ seems lost to these substances as well as to mechanical and thermal 
stimuli. Either the chorda tympani contains no gustatory fibres, or the gustatory fibres existing in 


it are in some way derived from the trigeminus ; this latter supposition appears on anatomical and 


Fig. 1 


morphological grounds hardly possible. It is hardly possible to obtain from experiment upon 
laboratory animals any minute evidence about the sense of taste, but my experiments point clearly 
to abolition—complete removal—of the sense of taste in the anterior two-thirds of the tongue, 7.e., 
in front of a line a few millims. anterior to the circumvallate papilla. After intracranial section 
of the Vth the sense of taste behind that line still remains intact. “This indicates that the gustatory 
fibres in the glosso-pharyngeal are not traceable to the trigeminal root, and that the gustatory and 


tactile fields of the two nerves are, on the dorsum lingue, coterminous. 


The Nose. 


The crossed overlap along the bridge of the nose is distinct though slight. The nasal 
mucous membrane, as far inward as can be examined easily from the nostril, gives no response 


either to mechanical or thermal excitation after intracranial section of the trigeminus, 
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The Eyes. 


I have been struck by the fact that, contrary to the statement by Macenp1g, no noticeable 
disturbance or ataxia results in the motions of the eyeballs in consequence of section of the 
trigeminus, even after bilateral section. 

Remarks. 

The agreement between the results obtained for this nerve in the separate experiments has 
been close as compared with those obtained for some other nerves. ‘The most striking exception 
has been in regard to the extension backward of the field in a young male Rhesus. In this 
individual the posterior boundary lay further back than in all the other experiments ; it included 
evidently a larger area than usual, into which the whole of the fossa of the helix of the pinna, and 
in the neck it reached the mid-ventral line on the thyroid cartilage instead of at a point altogether 
above that cartilage. 

It must be remembered that in the above experiments, which illustrate by the method of 
the remaining zsthesia the skin-field of the Vth nerve, the roots of the vagus as well as of the Vth 
were left untouched. After intracranial section of the vagus roots, in addition to the severe 
operation necessary for section of the cervical nerves, the condition of the animal precludes 
satisfactory examination of the cutaneous fields, so that exploration under those circumstances 
proves fruitless. There is, therefore, from the field above described as that of the Vth cranial, 
possibly to be deducted a small portion of the pinna in the immediate neighbourhood of the 
external auditory meatus. Whether the small field immediately surrounding the external meatus 
belongs to the vagus nerves, and anywhere extends beyond the actual limits of the field of the Vth 
cranial, is doubtful, but it may do so, and if it does the boundary given in my above experiments 
to the field of the Vth cranial extends on the middle of the outer face of the pinna somewhat too 
far backward, and is really there a combined boundary due to Vth and vagus together. “The 
accompanying figure (fig. 2) shows the limits of the vagus field on the pinna, and also that of the 
field left when the Vth cranial as well as the vagus remains intact. The sketch is combined from 
experiments made on eight individuals, but in none of the individuals was the combined field first 
taken, and then the isolated field due to vagus only, because the shock accompanying such a 
procedure precludes satisfactory exploration of the surface. 

Of the whole Vth nerve, only the ramus mandibularis includes in its sensory field the 
pinna, and it includes, as above mentioned, only a portion of the pinna. The boundary of the 
skin-field of the Vth at first sight seems, where it crosses the pinna, curiously irregular and 
arbitrarily placed. I find its course is, however, such as to include all those parts which are 
traceable to the tissue of the mandibular arch, and none of those traceable to the hyoidean. ‘This 
can be well appreciated by tracing the boundary of the skin-field of the Vth on the figures of the 
development of the human pinna by W. His, jun.* On the pinna, therefore, the field of the 


Vth cranial nerve extends to, but does not trespass across the first visceral cleft, and the skin-field 


* W. His, jun, “ Zur Entwickelungsgeschichte des Acustico facialis Gebietes beim Menschen,” ‘ Archiy, f, Anat, u. 
Physiol,” Anat, Abth., 1889. Supplement-Band, 
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of the 3rd division of the nerve (ramus mandibularis) in so far accurately justifies the name 
mandibular. 

The field of cutaneous distribution of the frigeminus possesses particular interest, from 
GasKELL’s suggestion that the huge sensory root of the nerve is compounded of a series of 
originally separate cranial sensory nerves secondarily massed together. “he large area of the 
cutaneous field would then be really compounded of several segmental fields ; each of these it 
might be possible to separately determine by appropriate section of the other divisions of the nerve. 
The intra-medullary course of the nerve-fibres arising from the Gasserian ganglion has for some of 
them been traced down to the level of the IInd cervical segment of the spinal cord. As regards 
juxtaposition and overlap, it will be shown that the skin-fields of the Vth cranial and of IInd 
cervical mutually behave as if the two nerves were immediately juxtaposed members in a spinal 
series, without intercalation of any intermediate segment.* All that part of the skin-field 
of the Vth cranial which is overlapped by the field of the IInd cervical is, of course, segmentally 
posterior to the rest of the field. Of the large area not so overlapped it was interesting to inquire 
from the sensory cutaneous supply which part might be segmentally anterior, which posterior. 
The sensory fibres for even the conjunctiva and cornea are traceable to quite low, in the floor of 
the fourth ventricle, and even to the top of the spinal cord itself. I have seen anesthesia of the 
conjunctiva and cornea ensue upon section of the so-called ascending, really descending, root of 
the Vth at the level of the calamus scriptorius.t It is worth inquiring whether the three great 
divisions of the trigeminus springing from the Gasserian ganglion may not themselves be segment- 
ally collected portions of the nerve, each representing one or more complete cranial sensory roots. 
If so, the three great peripheral divisions will each possess a zonal skin-field extending from 
mid-dorsal line to mid-ventral line. To examine this point, the delimitation of the skin-field 


belonging to each of the three divisions of the Vth was undertaken. 


First Division oF THE VtH (Ramus ophthalmicus). See fig. 2 in text. 


The skin-field belonging to this division of the Vth cranial nerve has been separately 


isolated in two individuals ; the results of the two experiments agree very closely indeed. 


Experiment.—M., rhesus. Male, young. 15.9.1893. 


Measurements :-— 
Supra-sternal notch to pubic crest... ac ane 25 centims, 
Acromion process to tip of middle digit re aa0 Oars 


At 9.20 a.m., the posterior roots of the IInd, IIIrd, and IVth cervical nerves of the right 
side, and the inferior and middle divisions of the right Vth cranial nerve, severed after the dura 
mater had been opened. At 5.30, the isolated field supplied by the ramus ophthalmicus finally 
delimited. 

‘The isolated field of response lies above and lateral to the palpebral fissure. It is bounded 


by a line which, starting from the mid-dorsal line of the head at a level of about 1 centim. behind 


* In this statement the tiny and segmentally incomplete field of the vagus, described p. 62, is intentionally left out of account. 
+ Sherrington, ¢ Journ, of Physiol,’ vol. 14, pp. 293, etc., 1892. 
H 
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the bregma, and just in front of a transverse line joining the highest points of the roots of the right 
and left pinne, sweeps laterally in a rectilinear manner. Having reached a point about .5 centim. 
above the level of a line drawn from the outer canthus of the palpebral fissure to the external 
auditory meatus, and in a vertical about 13 millims. in front of the front edge of the root of the 
pinna, the boundary of the field slopes downward and forward to a point at which the following 
two lines cross: a, line from angle of mouth to top of root of pinna; , line from outer canthus to 
the angle of the lower jaw. From this point it runs horizontally forward for a centimetre or 
more, and finally it ascends, sloping forward, to the free edge of the lower lid, attaining it a little 
to the lateral side of the middle point. Winding over the free edge of the lid, it continues to 
slope inwards on the conjunctival surface, and finally emerges at the inner canthus, without the 
border having invaded at all the ocular conjunctiva; that is, the whole ocular conjunctiva is 
included in the field of the first division of the Vth. On the bridge of the nose the boundary 
slopes downward and inward, so that it reaches the crossed overlap from the field of the nerve of 
the opposite side, It was not found that the tip or any part of the lower 3 centims. of the nose 
was supplied by the ophthalmic division of the trigeminus. About 1.5 centim. above the opening 
of the nostril, the internal surface of the nose, both on the septal and on the lateral walls, 
responded to touch; these must therefore be supplied by the ramus ophthalmicus. ‘The hard 
palate and the greater part of the soft palate gave no response ; the extreme posterior edge of the 
soft palate certainly responded to touch; this response persisted after final section of the whole 
trigeminus. “here was distinct photophobia of the right eye, but no vascular injection and no 
abnormal degree of lacrymation. "There was no obvious difference in size between right and 
left pupils.’ Another experiment yielded almost absolutely identical results. 

To ascertain the field of the 2nd division (ramus maxillaris), the IInd cervical nerve was 
divided, and the ist and 3rd divisions of the Vth. ‘The area of response upon the face obtained 
in this way was bounded by a line which commenced at the crossed overlap on the middle line at 
the top of the root of the nose, 7.e., on the frontal bone about the level of the superior edge of 
the orbits, or about the region of the human glabella. From this point the boundary sloped 
rapidly down to the inner canthus of the eye, crossing the most median portion of the upper lid 
to attain the canthus: it then ran along the conjunctiva of the inner face of the lower lid, and at 
the outer canthus crossed upward over the upper lid, so as to include in the field the most lateral 
sixth of that lid. It then turned horizontally outward over the malar prominence, and, after 
extending along a good third of the line from the outermost point of the orbital opening to the 
external auditory meatus, bent downward and then swept toward the angle of the mouth; this it 
reached from below, so as to include the extreme lateral edge of the lower lip; it runs almost 
horizontally along the inner surface of the cheek to the maxillary gums. Along the middle line, 
both at lip and nose, the crossed overlap is very small indeed. 

To delimit the 3rd division (ramus mandibularis), the following experiments were made :— 
The IInd and IIIrd cervical roots were cut in the vertebral canal, and the Ist and 2nd divisions 
of the Vth just distal to the Gasserian ganglion.. The anterior boundary of the field of response 


then ran from the angle of the mouth to the anterior end of the lower border of the zygomatic 
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arch; between these points the lower part of the curve is slightly concave forward, the upper 
part slightly convex forward. Ascending then upon the temporal muscle, the course taken is 
again that of a line with a slight concavity forwards. ‘The vertex is approached most nearly 
opposite the junction of the coronal and sagittal sutures (bregma); the middle line is, however, 
not actually reached. I have paid particular attention to this point in three experiments, and am 
convinced that the field of the mandibular division of the Vth, although it approaches near to the 


middle line of the scalp, does not actually attain to it. It however extends higher than as given 


HiGuE2 


Ant. bord. of field Point of junction of frontal 


of IInd cervical. with parietal bone, 


Anterior border 
of field of IInd 


cervical nerve. 


Pv indicates ----------------------s20ereee the limit of the Ist division of the Vth, 5a. 
Meldnattached: (0 <escs--ceecas-<tea-n22-24-2-0 the limit of the 2nd division of the Vth, 58. 
the vagus nerve -------------------~ so the limit of the 3rd division of the Vth, 5+. 


for Man in Frower’s atlas of nerve fields. ‘The boundary becomes identical with the posterior 
boundary of the skin-field of the entire Vth about 3 centims. from the mid-dorsal line; after that 
junction the boundary is that described above under the posterior boundary of the skin-field of 
the Vth on page 53. “The control experiment of estimating the field of the 3rd division, and 
then severing the nerve, I have carried out once. On severing the 3rd division, the anterior 
boundary of the field which had previously lain between the angle of the mouth and the zygoma 
retreated to the pinna of the ear, ramus of jaw, and thyroid cartilage (vide infra, p. 68, IIIrd 


cervical nerve). 
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From these experiments it becomes obvious that if to the three divisions of the Vth 
cranial we apply as a test for complete segmental character the fact found to hold good for all 
complete spinal sensory nerves, i.e., that the skin-field of a complete segmental nerve extends con- 
tinuously from the mid-dorsal line of the animal to the mid-ventral line, the test gives, as regards 
the three divisions of the Vth cranial, a distinct reply. It is impossible to mark exactly the 
anterior polar point of the body, i.e. that point in the anterior end of the animal which occupies 
a position there similar to that held by the tip of the tail in the posterior end of the animal; that 
being so, it is impossible to say whether the skin-field of the ramus ophthalmicus does really reach 
the mid-ventral line of the body; it certainly occupies some of the mid-dorsal line, but the 
anterior pole of the body being the place of junction of the mid-dorsal with the mid-ventral line 
of the body, to admit ignorance of the position of the anterior polar point is tantamount to 
admitting that we do not know where the mid-dorsal line ends and the mid-ventral line begins. 
Not being able to say, therefore, whether the field of the ramus ophthalmicus does extend to the 
mid-ventral line, we cannot apply the test confidently to it. In the same way we cannot say 
whether the ramus maxillaris of the Vth extends to the mid-dorsal line, although we can be 
certain that it does extend to the mid-ventral line. The only conclusion that results from the 
application of the test to the skin-fields of these two nerves is, therefore, that if one of them is a 
complete segmental field, then the other cannot be, because there are not two anterior polar points 
to the body. 

But if either of these two fields is a complete segmental one, and is at the same time 
overlapped by the field of the IInd cervical nerve, then the remaining one of the two fields 
cannot be overlapped by the field of the IInd cervical; at least, no such extent of overlapping is 
evidenced in other parts of the body. On the other hand, if the two fields be neither of them, 
when considered separately, complete segmental fields, but be both merely portions of one 
segmental field, each of them might be well overlapped by the complete segmental field behind, 
namely, that of the IInd cervical nerve. 

Examination of the fields shows that each is overlapped by the field of the Ind cervical 
nerve, though that of the ramus ophthalmicus constantly and to a greater extent than that of the 
ramus maxillaris, rarely and minutely overlapped. ‘This part of the test indicates, therefore, that 
the combined skin-fields of the Ist and 2nd divisions of the trigeminus may be together equi- 
valent to the field of a complete posterior root of a segmental (spinal) nerve, but that neither of 
the fields is so when taken singly. 

But the skin-field supplied by the 3rd division of the nerve is, like those supplied by the 1st 
and 2nd divisions, overlapped from behind by that of the IInd cervical nerve, and to a far greater 
amount than they. ‘This argues for the skin-fields of the first and third divisions of the trigemi- 
nus belonging to the same segmental level, and for no one of them by itself constituting a 
complete segmental area. Further, to the skin-field of the ramus mandibularis, the test for a 
complete segmental skin-field, namely, that it extends from mid-dorsal line without a break to the 
mid-ventral line, can be applied with certainty, since its position in regard to those lines is not 


dubious. ‘The field, as a fact, occupies the mid-ventral line along a considerable length; but it 
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does not actually attain the mid-dorsal line anywhere, although it approaches on the scalp at one 
point somewhat closely (see page 60). It is therefore very unlikely that the field is of complete 
segmental character. 

A third feature in which the separate skin-fields of the three divisions of the trigeminus 
differ from the fields of complete segmental (spinal) nerves is the following : The overlapping of 
fields of contiguous spinal nerves is regular and very considerable; the contiguous skin-fields may 
have half of their respective areas in common. With the fields of the three divisions of the 
trigeminus the extent of mutual overlap is irregular and not nearly so great. ‘Thus, on the 
conjunctiva the fields of the 1st and 2nd divisions meet, but hardly overlap at all ; similarly 
those of the 2nd and 3rd divisions at the angle of the mouth. I do not know of detailed 
observations on the mutual overlap of the skin-fields of peripheral nerves, but in respect of their 
mutual overlap the skin-fields of the cranial Vth are very different from the skin-fields of complete 
segmental (spinal) nerves, and the skin-fields of peripheral nerve-trunks, as far as I have myself 
investigated them, resemble in this feature the divisions of the trigeminus (see below, page 96). 

Analysis of the sensory portion of the cranial Vth nerve, therefore, by this method fails to 
resolve it from a single segmental nerve into a series. 

The fact that the fibres of the sensory root of the trigeminus, namely, the fibres running 
proximally from the Gasserian ganglion, have a long region of origin (from the mid-brain in 
front to the level of the IInd cervical nerve behind), also fails as an argument in proof that the 
nerve belongs to a number of metameres. The fibres from the root ganglion of a spinal nerve 
grow into the central nervous axis, and there penetrate to various distances, becoming connected 
with not one segment, but with many ; thus, those of the sacral ganglia reach even to brachial 
and to bulbar segments. As regards the so-called surface origin of the sensory spinal root, it is not 
very uncommon to find filaments of the hinder of two nerve-roots crossing filaments from the root 
next in front, demonstrating to the naked eye the insufficiency of the surface origin of the root to 
serve as criterion of segmental position, cf. infra, p. 137 

It is the position of the ganglion, and not that of the so-called spinal ‘origin,’ that is the 
key to the segmental position. In other words, the situation of the nerve-cells, not that of the nerve- 
fibres, marks the segmental position of the sensory nerve. Growing out from the ganglion-cells, its fibres 
wander distally into skin and muscles, and these trespass, as I have pointed out, considerably 
beyond the limits of their proper metamere, for they considerably overlap. Centripetally they 
extend even more boldly into regions outside their original metamere, in fact, into segments quite 
remote. A similar arrangement exists in motor nerves, but I* and A. S. F. GrinBaumt have 
pointed out that the region of spinal origin of the fibres of a motor root, unlike that of the 
sensory root, is of strictly local extent in the spinal cord, confined to one, its own, segment. 
That is to say, the seat of the motor cells of the segmental nerve is, like that of the sensory cells 
of the segmental nerve, not plurisegmental, but confined to one, the original, segment. The 


nerve-cells of a metamere do not wander beyond the confines of the metamere in which they 


* Journal of Physiology,’ vol. 13. \ Ibid, vol. 15. 
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arise, but the nerve-fibres rising from them are eventually in great part thrust quite beyond the 
confines of the original metamer. ‘This trans-segmental trespass of the nerve-fibres is compara- 
tively slight in the skeletal musculature of the trunk, distinctly greater in that of the limbs, 
especially at the free apex of each limb, greater still in the sensory structures of the skin, and yet 
greater in the distribution of efferent fibres to the vertebral ganglia of the sympathetic, but 
greatest in the sensory fibres distributed from the root ganglion to the segments of the spinal cord. 

In a previous paper I have insisted on the want of segmental correspondence between the 
distribution of the sympathetic efferents of the motor spinal root and the cutaneous distribution of 
the fibres from the cells of the corresponding spinal ganglion. To Lanctey we owe the 
suggestion (1891), and the demonstration (1893), that there is, on the other hand, close corres- 
pondence between the field of cutaneous distribution of the efferent fibres arising in a vertebral 
ganglion of the sympathetic and the cutaneous field of distribution of the fibres of the correspond- 
ing spinal ganglion. I appended to my previous paper mention of observations undertaken by 
myself in pursuance of his discovery of this relationship. I cannot too distinctly disclaim the 
slightest pretension to having myself previous to him put forward the view of the correspondence 
existing between the skin-field of the sympathetic ganglion and that of the spinal ganglion. I 
am induced to state this emphatically, because in an abstract of my paper by a foreign reviewer 


the doctrine is accredited to myself, and not to its real author, Dr. LANcizy. 


Vacus (?) Nerve. (Fig. 3.) 

After the Vth cranial and the highest three cervical nerves have been completely severed, 
the skin of the external auditory meatus, an just round it, still remains sensitive. I think there 
is little doubt that this must be due to the still unsevered vagus nerve with the auricular branch 
from ‘its ganglion of the root.’ I have not, however, succeeded in obtaining an animal in suff- 
ciently good condition after the operation of intra-cranial section of the vagus, in addition to 
intra-cranial section of trigeminus and section of the three highest cervical nerves, to ascertain 
with certainty the disappearance of the field after section of all those nerves. 

The field has been completely delimited in two experiments only; the operation required 
for revealing it is somewhat severe. Lying, as the small field does, wedged in between the large 
fields of the Vth cranial and the IIIrd cervical, and, as it were, imbedded in the anterior part of 
the field of the IInd cervical, it is, in order to isolate it, necessary to sever the Vth cranial at its 
origin, and also the highest three cervical nerves inside the vertebral canal. When this has been 
successfully accomplished, a patch of zsthetic skin is easily demonstrable on the ear. It includes 
and immediately surrounds the external auditory meatus. Its shape and size, in the two experi- 
ments carried out upon it, were almost identical. It takes in practically the whole of the 
concha, the antitragus, part of the tragus and part of the antihelix; also part of the fossa of the 
antihelix. Its limits can be better realized from fig. 3 than from verbal description. The surface 
inside the external auditory meatus was sensitive in my experiments as far inwards as could be 
tested with an ordinary probe. 


This tiny area, confined to the lateral region and widely distant from both the mid-dorsal 
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and the mid-ventral lines, differs curiously in these respects from the skin-fields delimited for all 
other cranio-spinal nerves. The area lies on the opening of the Ist visceral cleft. It is overlapped 
by the fields of the Vth cranial and of the IInd and IIrd cervical nerves. ‘The auricular branch 
of the vagus is, by some authorities, considered the ramus /ateralis of the vagus of lower vertebrates ; 
its skin-field points, however, rather to its being a branchial branch. Its fibres, traceable by 
dissection to the ganglion of the root of the vagus, may or may not actually arise in that ganglion. 
In my experiments, the roots of the vagus have not been cut, for the reasons stated above. “This 
skin-field offers the instance, unique in my experience, of a root distribution over an area 
absolutely isolated from the median lines of the body. It is the only true exception to the zonal 


type of distribution. It indicates in the strongest way a very great difference between the vagus 


Fic. 3 


Combined posterior bor- Dotted line marks boun- Completely delimited 
der of Vth cranial and dary of auricular of area of auricular of 
auricular of vagus (?). vagus (?). vagus (?). 


Broken line marks ant. 
edge of IIIrd cervical. 


and the ordinary spinal nerves. I cannot help regarding it as evidence that the vagus is a visceral 
nerve, and supplies the visceral depth of the 2nd visceral cleft, just as the diagram, p. 55 supra, of 
the tongue and fauces shows the glosso-pharyngeal nerve supplying the depth of the Ist visceral 
cleft. That the field of the vagus comes so far toward the mouth of the cleft as to reach external 
auditory meatus is not extraordinary, when it is remembered how widely the posterior root-nerves 


overrun the limits of the segmental borders of their metamers. 


XIIitH Cranirat NERVE 


It was long since pointed out by Mayer, LuscHka, Vutpran and others, that in various 
Mammals, including Man, the hypoglossal nerve occasionally possesses a dorsal root, and that this 
root possesses a ganglion. In the artiodactylous Ruminants, and to a less degree in Carnivora, this 
dorsal ganglionated root is regularly present,* although in the latter always small. © Embryological 
study of the Mammalia reveals the fact that the XIIth cranial nerve throughout the class is 


originally a group of true spinal nerves, and that the dorsal roots of these, each provided with 


* A, Froriep and W. Beck, ‘ Anat. Anzeig.,’ vol. 10, p. 688, 1895. 
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a ganglion, atrophy ; the ventral non-ganglionated roots, on the other hand, combine together to 


form the trunk of the hypoglossal nerve of the adult. ‘The Macaque Monkeys (rhesus and sinicus) 


that I have examined have not shown any sign of this dorsal root. It is for that reason that, in 


Fic. 4 


% Nipple. 


aan mid-ventral line 


of the limb. 


Anterior borders, 
light broken line. 

Posterior borders, 
heavy dotted line. 


discussing the source of the sensory fibres distributed to the external auditory meatus, I have not 
considered the fibres attributable to the XIIth cranial nerve. FRortEp and Beck could not find 


it either in the Prosimiz or in the Cynomorphous Apes.* In the Cat the Ist cervical has a small 


but distinct ganglion in the canal in the atlas. 


BOT OG NICHT: 
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Isr CervicaL NERVE. 
No skin-field at all has been found for this nerve in either of two individuals especially 


examined for the field. On dissection I have never met with any nervous filaments belonging to 


Fig. 5. 


SS 


The mid-dorsal 
line of the limb. 


Anterior borders, 
light line. 
Posterior borders, 
heavy line. 


it entering the cord in the line of the sensory roots of the other cervical nerves. The only nerve- 
filaments existing have been to all appearance those of ventral roots ; they are not numerous ; 


they are gathered to a single nerve-trunk, which passes through a small foramen in the transverse 


process of the atlas. 
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In Macacus rhesus and sinicus, therefore, the so-called Ist cervical nerve, the sub-occipital, 
possesses no dorsal (afferent) root, and, as a consequence, no sensory skin-field ; my observations, 
however, have not been numerous enough to do more than determine what is the general rule ; 
it is possible that occasionally the Ist cervical possesses a posterior root, whether that then has a 
skin-field must remain an open question ; its distribution may be confined to muscles, ligaments, etc. 
As is well known, the Ist cervical nerve in Man does occasionally possess a small dorsal (afferent) 
root, on which is the usual spinal ganglion. In the Chimpanzee this dorsal root and ganglion is 
usually present, but not in the Orang, nor in the Cynomorphic Apes.* In the Dog and Cat the 
ganglion and root are, as far as I have seen, always present ; also in the Rabbit and Guinea-pig. 


In the Cat the field of this root includes the apex of the pinna. 


Motor Distribution. 


This has been examined in four individuals, partly by mechanical excitation of the motor 
root, partly by faradic excitation of the primary, ventral, and dorsal divisions as near their origin as 
possible. The following are the results obtained : a certain amount of individual variation occurs, 
especially with regard to superior obliquus muscle. 

Dorsal Primary Division.—Rectus posticus major, rectus posticus minor, obliquus inferior, 
obliquus superior, trapezius. 

Ventral Primary Division—Sterno-mastoideus, sterno-hyoideus, sterno-thyroideus, omo- 
hyoideus (especially anterior belly,) rectus lateralis, rectus anticus minor, genio-hyoideus and 


thyro-hyoideus. 
IInp Cervicat Nerve (Figs. 4, 5, and 6) 


The anterior boundary of the skin-field of this nerve has been delimited in six individuals ; 


the posterior in five individuals. 


Anterior Border. (Fig. 6.) 


Example—M. rhesus. Large female, not very young. At 11 a.m., the left Vth cranial 
nerve cut in the middle cranial fossa proximal to the Gasserian ganglion. At 9.30 p.m. ‘the 
anterior boundary of the field of response starts from the mid-dorsal line of the scalp at a point 3 
centims. behind the supra-orbital ridge. “The boundary runs thence in an almost rectilinear course 
transversely outwards to a point somewhat above and considerably in front of the top of the root 
of the pinna. From that point it begins to slope forwards, passing about midway between the 
outer edge of the orbit and the root of the pinna. In front of the tragus it lies 23 millims. distant 
from that. It cuts a line drawn from the root of the pinna to the angle of the mouth just about 
midway between those two points, and then sloping more abruptly forward, it passes about 15 
millims. behind the angle of the mouth. It winds round the lower edge of the horizontal ramus 
of the jaw and reaches the mid-ventral line of the neck at a point a little in front of a vertical 


dropped from the angle of the mouth.’ 


* A. Froriep and W. Beck, Joc, cit, 
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‘The crossed overlap of the Vth cranial on the face and tongue is very slight indeed, but 


the crossed overlap of the IInd cervical, both on scalp and under chin, is considerable.’ 


Posterior Border. 

Example—-M. rhesus. Female, not young. At 9.30 a.m. the dorsal (sensory) roots of the 
IlIrd, IVth, Vth, VIIth, and VIIIth cervical and of Ist and IInd thoracic nerves of the right side 
severed in the vertebral canal. At 4.45 the final delimitation of the border of the upper field of 
response (IInd cervical) completed. ‘The boundary starts from the mid-dorsal line of the neck 
at a point 1.5 centims. below the external occipital protuberance, and at a level about 1 centim. 
below the level of the lowest point of the root of the pinna. It slopes outwards and passes 2 
centims. below the root of the pinna. It runs just below and behind the angle of the lower jaw. 
It meets the ventral crossed overlap of the opposite side a few millims. below the lower edge of 
the cricoid cartilage.’ 


Fic. 6. 
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Anterior border of IInd cervical. Lines obtained on April 19, 1893, and April 13, 1893, compared. 


~ 


Variation. 

In one adult female the [Ind cervical skin-field reached in its ventral part further forward 
than in the other observations. The anterior border in the exceptional instance approached to 
within 7 millims. of the angle of the mouth, and sloping nearly horizontally along the lower edge 
of the jaw, turned under it and finally met the mid-ventral line only some 3 millims. behind the 
symphysis of the lower jaw. In Monkeys there is no mental eminence, but the position of the 
line is such as to suggest that in Man the skin-field of the IInd cervical will sometimes include 


the point of the chin, but will usually fall just short of that. 
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VENTRAL Primary Division oF [IND CeErRvicaL NERVE 

When the dorsal primary division of the nerve has been severed at its origin from the 
trunk of the entire nerve, the change produced in the shape and extent of the skin-field is that 
instead of the field reaching the mid-dorsal line it stops short some centimetres above the root of 
the ear. The point where it stops short is about one-third of the way from the upper border of 
the root of the ear to the middle line of the scalp. The field is thus separated from the mid- 
dorsal line by a not very wide gap, and the lateral boundary of the gap is a line which runs 
parallel with the mid-dorsal. This line is the dorsal border of the skin-field of the ventral 
primary division of the nerve, and it joins the anterior and posterior borders of the skin-field at 
angles which approach very closely indeed to right angles. The skin-field of the ventral primary 


division covers quite four-fifths of the skin-field of the entire nerve. 


Motor Distribution. 


I have examined the distribution of the motor-root of the IInd cervical nerve by 
mechanical and faradic excitation, and by faradic excitation of the separate dorsal and ventral 
divisions, in four .individuals. My results are as follows, and showed no marked individual 


variation. 


Dorsal Primary Division —Cervicalis ascendens, trapezius, complexus, splenius, inferior 


obliquus, trachelo-mastoideus. 


Ventral Primary Division —Longus colli, sterno-mastoideus, rectus anticus major.  Infra- 
hyoid muscles, viz., omo-hyoideus (chiefly posterior belly), genio-hyoideus, sterno-hyoideus, 


sterno-thyroideus, thyro-hyoideus. 


IIInp Crrvicat NERVE (Figs. 4, 5, and 6) 


The anterior border of this skin-field has been observed in two individuals, the posterior 


border in six individuals. 


Anterior Border. 


Example.—M. rhesus, young ¢. The Vth cranial and the IInd cervical nerves cut inside 
the dura mater at 10.30 a.m. Final examination of the upper edge of the field of the II[Ird at 
5.30 p.m. 

“The upper edge of the field of response starts from the mid-dorsal line on the scalp at a 
point about 1 centim. behind halfway between the bregma and the lambda ; it runs down to the 
back of the root of the pinna about 5 centims. from the top of the root ; it turns over the upper 
edge of the pinna not far from the root, and then descends on the helix and in front of the tragus 
to reach the outer face of the vertical ramus of the lower jaw ; along this it descends parallel with 
and slightly in front of the posterior edge of the ramus. It then bends forward in front of 
the angle of the jaw and slopes down the horizontal ramus of it to leave its lower edge and reach 


the mid-ventral line distinctly above the thyroid cartilage.’ 
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Posterior Border. 

Example—M. rhesus, 9. At 11.20 a.m. the posterior roots of the [Vth, Vth, VIth, 
Vilth, VIIIth cervical and Ist and IInd thoracic nerves divided inside the vertebral canal. At 
5.15 p.m. the lower border of the IIIrd cervical finally delimited. 

‘The upper field of response has the following boundary: from the mid-dorsal line 
decidedly below the level of a line joining the lowest points of the roots of the two pinne, 
and thence outwards and slightly downwards for a distance of 2 centims. ‘The line then turns 
more steeply downward well behind the posterior edge of the acromial end of the clavicle to strike 
the spine of the scapula just at the root of the acromion. It then turns forward over the outer 
end of the clavicle and again retires, thus making an angular notch, and reaching the top of the 
great tuberosity of the humerus. Finally it passes fairly horizontally inward well below the 
clavicle on the pectoral muscle, and reaches the ventral crosslap just above the junction of the 


2nd costal cartilage with the sternum.’ 


Variation. 

The level of the posterior border at the mid-dorsal line is sometimes distinctly below 
the point found in the above experiment, but once it was on a level exactly with the line between 
the lowest points of the roots of the pinnae. On two occasions, instead of running well below 
the clavicle, the line just followed the lower border of the clavicle. On one occasion the ventral 
end of the line passed between the Ist and 2nd cartilages somewhat nearer the second. The 
little notch in the border, close to the acromio-clavicular joint, was a constant feature of the 


field in all the experiments. 


Muscular Distribution. 
Examined in four individuals. 
Dorsal primary division :—Complexus, splenius, trachelo-mastoideus, trapezius, cervicalis 


ascendens, transversi spinales. 


Ventral primary division :—Longus colli, rectus anticus major, levator anguli scapulz ; 


omo-hyoideus, post. belly ; sterno-hyoideus, lower part. 


IVru Cervicat NERVE (Figs. 4 and 5) 
The anterior border of this skin-field has been delimited in three individuals ; the posterior 
border has been delimited in five individuals, but the two borders have not been delimited 


together in one and the same individual. 


Anterior Border. 

Example-—M. rhesus. Female, young. The Ist, IInd, and IIrd cervical nerves of the 
right side severed in the vertebral canal, but outside the dura mater, at 10 am. ‘The anterior 
edge of the lower field of response (that of the [Vth cervical nerve) can be traced from the mid- 
dorsal line of the scalp at a point corresponding with the lambda, that is, about 1 centim. above 


the external occipital protuberance. It sweeps outward at first horizontally to pass close (.5 
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centim.) behind the root of the pinna. It runs about .5 centim. behind the vertical ramus of the 
jaw and meets the mid-ventral line on the neck at the level of the cricoid cartilage, or a little 


above that.’ 
Posterior Border. 


Example.—M. rhesus. &, very young. At 10 a.m. the posterior roots of the Vth, VIth, 
VIlth cervical, and of the Ist, IInd, IIIrd, IVth, and Vth thoracic nerves of the right side severed. 
At 4.30 p.m. examination of the skin-fields completed. 

‘The upper field of response (IVth cervical) is bounded below by a line which starts from 
the mid-dorsal line of the body, about on a level with the upper end of the vertebral border of the 
scapula, and from these slopes down to meet the vertebral border at the root of the spinous process. 
‘Thence the line slopes down on the infra-spinous fossa, and recurves upward again, passing over 
the axillary border of the scapula, midway between the acromion process and the inferior angle. 
It then descends the arm below the prominence caused by the deltoid muscle, and passes down the 
outer face of the arm in the groove between the muscular masses of the triceps and the flexors of 
the elbow. The line finally reaches a point as far as midway, or rather below midway, between 
the tip of the acromion and the angle of flexure of the elbow. From this point the line turns 
abruptly inward over the biceps, and, in so doing, recurves slightly toward the top of the shoulder. 
Before quite reaching the middle of the anterior surface of the biceps it slopes downward again 
and reaches a point on the inner aspect of the prominence caused by that muscle, and nearly three- 
quarters down the arm. ‘Thence it turns upward again on the coraco-brachialis, and runs under 
the pectoral fold and then winds over the edge of that fold to attain the ventral crossed overlap of 
the skin-fields of the left side at a point about 1.5 centims. above the nipple, and just below the 
3rd costal cartilage. 


‘The ventral crossed overlap is a full centim.’ 


Motor Distribution. 

Examined in four individuals. 

The dorsal primary division supplied :—-Complexus, splenius, trachelo-mastoideus, cervicalis 
ascendens, transverso-spinales. 

The ventral primary division supplied :—Levator scapule, longus colli, levator clavicule, 
scalenus medius, trapezius subclavius. In three individuals the front, especially sternal, portion of 
the diaphragm. In one experiment this was examined by degeneration ; the degeneration in the 
ventral division of the phrenic nerve on the diaphragm was much heavier than in the dorsal 
division. 

Vru CervicaL NERVE (Figs. 4 and 5) 
1. Sensory Root. 

The anterior border of the skin-field of this nerve has been delimited in two experiments ; 
the posterior border in three experiments. In three individuals the entire field has been 
completely delimited. 

Anterior border :— 


Example. M. rhesus, g, young. At 11 am. the Ist, IInd, Hrd, and IVth cervical 
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nerves of the right side cut inside the vertebral canal. At 5.30 the final delimitation of the 
border of the Vth cervical completed. 

‘The boundary line starts from the mid-dorsal line about 3.5 centims. below the lambda, 
that is, superficial to about the 3rd cervical vertebra; from that point it sweeps laterally in a 
descending line considerably below the mastoid process. It passes downward behind the sterno- 
mastoid muscle to the clavicle at the junction of the middle and outer thirds of that bone, and it 
then turns horizontally inward along the clavicle to reach the crossed overlap of the skin-fields of 
the nerves of the opposite side of the body, at a distance of about 8 millims. from the mid-ventral 
line.’ 

Entire field :— 

Example. M. rhesus, 8. At 9.30 a.m. the posterior roots of the I[Ird, [Vth, VIth, 
VIlIth, and VIIIth cervical nerves, and of the Ist, IInd, and IIIrd thoracic nerves severed. Final 
determination of the isolated field of response at 4 p.m. 

‘The field is bounded by a line which starts from near the mid-dorsal line above the 
scapula and on the trapezius muscle. It runs outward in a direction roughly parallel with and 
well above the origin of the deltoid muscle. Continuing this course, it winds round the anterior 
border of the trapezius, curves inwards a little along the hollow between the clavicular portions of 
the trapezius and sterno-mastoid muscles, winds inwards across the front of the clavicular origin of 
the sterno-mastoid, and reaches the mid-ventral line. The posterior edge of the field starts on the 
sternum at the level of the third costal interspace, it then tends laterally, lying about two fingers’ 
breadths above the nipple, and attains the lateral edge of the pectoralis muscle after a horizontal 
course. The edge of the pectoralis it follows to the edge of the deltoid, and it then runs along 
the top of the bicipital swelling, rather nearer to the ulnar than to the radial edge of the muscle. 
It enters the forearm over the tendon of the biceps and sweeps down the supinator longus 
prominence, recurving on itself about half-way down the forearm. ‘The field thus includes a 
tongue-shaped area of the forearm, fairly covering the belly of the supinator longus. ‘The boundary 
returns up the arm, passing in front of the outer condyle and up the outer face of the limb along 
the groove between flexors and extensors. It follows the posterior border of deltoid approximately ; 
it crosses the spinous process of the scapula near the base of that, and gets to the mid-dorsal line of 
the trunk opposite the spine of the Ist thoracic vertebra; it slopes suddenly upward near the mid- 
dorsal line, as if it only partially attained to that line.’ 

Posterior border :-— 

Example. M. rhesus, female. At 9.30 a.m. the posterior roots of the VIth, VIIth, and 
VIIIth cervical nerves, and of the Ist, IInd, and IIIrd thoracic nerves severed in the spinal canal. 
Two days later the lower border of the upper field of response finally determined. It agreed with 
the delimitation on evening of first day. It descended the forearm for barely two centims.; the 
part of the forearm it occupied lay well in front of the external condyle of the crest of supinator 
/ongus prominence. 

Variation :— 


A considerable amount was met with in the observations on this field. In one individual 
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the anterior border was at least two centims. lower than in the others, and the evidence that the 


posterior border of the field did actually attain the mid-ventral line was not convincing. 


2. Motor Root. Vth cervical. (See Conspectus, p. 114, infra.) 

The method of examination adopted for the motor root was, as above explained, section of 
the motor roots adjoining that to be examined, then, after a lapse of at least 14 days, excitation 
with the faradic current of the remaining sound root in the vertebral canal, and of the various 
nerve-trunks composing the brachial plexus. 

On the motor root of the Vth cervical nerve four such experiments were carried out, one 
on WM, sinicus, the rest on MZ, rhesus. 


The root was found to be distributed to the following muscles :— 


Dorsal primary division: erector spine and transverso-spinales, 

( longus colli. 

rhomboidei. 

levator angul scapule. 

serratus magnus. 

pectoralis major (clavicular portion only). 
deltoideus (clavicular and acromial portions). 


teres minor. 


supraspinatus. 

infraspinatus. 

Ventral primary subscapularis. 
division scalenus medius. 


bicep (both heads). 

brachialis anticus. 

coraco-brachialis (slightly only). 

supinator longus (feebly), and brevis (very feebly). 

extensor carpi radialis longior (feebly ; in one experiment not at all). 


extensor carpi radialis brevior (feebly ; in two experiments not at all). 


diaphragma: degeneration heavy in both sternal (ventral) and vertebral 
(dorsal) divisions of the phrenic on diaphragm. 


L subclavius. 


> ———e 


ena 
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ViIrH Cervicat Nerve. (Figs. 4 and 5 in text, pp. 64, 65) 
1. Sensory Root. 


This skin-field has been delimited completely in four individuals, and incompletely in two 


more, 


Example—M., rhesus. 9, young. At g a.m. the posterior roots of the HIrd, [Vth, Vth, 
VIIth and VIIIth cervical, and of the Ist, IInd and I[rd thoracic nerves were severed in the 
vertebral canal. The isolated field of response, due to the intact VIth cervical root, was finally 
delimited about 5 p.m. 

‘The field of response is limited by a line which starts from a point on the infraspinous 
fossa of the scapula near the edge of the deltoid muscle. The line crosses the lateral part of the 
infraspinous fossa obliquely and turns down the arm behind the posterior border of the deltoid 
muscle. It descends the arm lengthwise, well on the triceps side of the furrow, between the 
masses of the extensors and flexors of the elbow. It enters the forearm close behind the outer 
condyle, and thence passes in an almost straight line to reach the radial side of the index finger, 
where on the proximal phalanx it recurves. The line returns across the palm to the forearm over 
about the middle of the thenar eminence ; it crosses the wrist on the radial side of the lower 
radio-ulnar joint. On the flexor aspect of the forearm it ascends close to the ulnar side of the 
prominence made by the supinators of the wrist and long extensors of the fingers. It crosses the 
flexure of the elbow about the middle of it, and climbs the prominence over the flexors of the 
elbow somewhat to the ulnar side of the middle line of the biceps. Close above the junction of 
the limb with the trunk the line turns outward and downward, and sweeping below and round 


the deltoid muscle reaches the spot on the infraspinous fossa whence it was traced.’ 


Variation :— 

In the first experiment the field traced was closely similar to the above ; in a third experi- 
ment it did not appear to extend lower than the styloid process of the radius, and I convinced 
myself it did not include the thumb, for the observation was repeated many times in the course of 
24 days. When the animal was finally examined, electrical excitation of the central end of the 
musculo-cutaneous nerve, about three inches below the elbow, elicited smart reflexes. In a fourth 
individual nearly the whole length of the radial side of the index finger was included in the field. 

There must, therefore, be a considerable degree of variation in the extent to which this 
nerve contributes to the sensation of the skin of the hand. The thumb, and even one half of 
the index finger, in some individuals, enter into the composition of the field, but in some 


they do not. 


2. Motor Root. VIth cervical. (See Conspectus, p. 114 infra.) 


Three experiments, all on AZacacus rhesus, by the combined degeneration and excitation 


method as explained above (pp. 51, 52). 
K 
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The distribution of the root was found to include the following muscles :— 


The dorsal primary division innervated the following, as tested by experimental excitation :— 
erector spine. 
transverso-spinales. 
The ventral primary division as given below :— 
scaleni (not always). 
teres major. 
teres minor. 
rhomboidei. 
serratus magnus. 
pectoralis major. 
deltoideus (apparently the whole of the muscle). 
supraspinatus. 
infraspinatus. 
subscapularis. 
biceps caput longum. 
biceps caput breve. 
brachials anticus. 
coraco-brachiahs. 
supinator longus. 
supinator brevis. 
extensor carpi radials longior. 
extensor carpi radialis brevior (slightly). 
pronator radit teres (slightly). 
Aexor carpi radials (slightly). 
/atissimus dorsi. 
diaphragma (especially the portions nearer the vertebral column and _ lateral part 
attached to lowest ribs). 
longus colh, 
triceps. 
In one experiment, a part of the outer head of triceps contracted feebly but distinctly. 
In two experiments, the distribution was further examined by tracing microscopically the 
Wallerian degeneration in the nerve twigs of the limb twenty days subsequent to section of the 


motor root of the inside of the vertebral canal. 
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Degeneration was found in the nerve twigs of the following muscles :-—* 
deltoideus. 
teres mayor. 
subclavius. 
teres minor. 
subscapularis. 
supraspinatus. 
infraspinatus. 
- biceps. 
latissimus dorsi. 
coraco-brachialis. 
brachialis anticus. 
supinator longus. 
extensor carpi radialis longior. 
extensor carpi radialis brevior. 
triceps, in outer and inner heads (but slight degeneration 
In both experiments - only). 
supinator brevis. 
In one experiment, not ; wees 
: \ flexor carpi ulnaris (slight degeneration). 
in both 
In both experiments —- extensor communis digitorum (a few fibres only). 
: extensor longus pollicis (a few fibres only). 
In one experiment, not [ ; aah Ser ak 
oe eh ! extensor ossis metacarpi pollicis (six fibres only). 


flexor longus pollicis (a few fibres only). 


It will be seen that the five last mentioned muscles were not noticed by the previous 
method to respond to the excitation of the VIth cervical root ; the teasing method was carried 
out only after the examination made by the excitation method above described, and it is possible 
that if its results had been known, and particularly minute attention paid to the above muscles, 
some trace of contraction might have been found ; but it seems clear that, if detectible, it was so 
slight as to have escaped a careful search. I am, therefore, inclined to consider the amplification 
of the list obtained by the purely microscopical method of teasing to be explicable, not by 
individual variation, but by a greater delicacy of the ‘teasing’ than of the previous method, 
Allowing twenty muscle fibres to each neuron, the six neurons contributed by the VIth cervical 
segment to the motor innervation of the extensor ossis metacarpi pollicis might—especially if, as is 
most probable,t scattered about the thickness of the muscle—under excitation evoke no appreciable 


contraction in the muscle. 


* The serratus magnus and pectoralis major were not included in the search by teasing, partly on account of their size, partly 
because the labour was believed to be superfluous. 


+ Sherrington, ‘ Lumbosacral plexus,’ ‘ Journ. of Physiol.’, vol. 13, 1892, p. 751. 
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My experiments on this nerve bear out the statement by Forcug and Lannecrace,* that 
the hinder parts of the diaphragm is supplied by the VIth cervical nerve ; so also my degeneration 
obtained of the [Vth cervical, bear them out that that root supplies the front of the diaphragm ; 
but the degenerations show that there is much intermingling of the two nerves, both with each 
other and with the Vth in their distribution both to back and front. 

My observations on this nerve bear out HoRBURN’st statement, based on clinical 
observation, that the nerve supplies the teres major, latissimus dorsi, sternal portion of pectoralis 
major, and the triceps—a statement contrary to Forcur and LANNEGRACE’s{ experiments. 

THE DIAPHRAGM. ‘The degeneration in the phrenic after section of VIth cervical in 
Macacus is heavy. Of the two main divisions into which the phrenic divides on reaching the 
diaphragm, the degeneration is considerably greater in that (dorsal) which turns backward toward 
the vertebral column than in that which turns forward (ventral). 

Degenerated fibres I found in considerable numbers in the phrenic twenty days after 
section of the motor root of the IVth cervical ; but in this instance the amount of degeneration 
was greater in the division of the nerve which turned forward toward the sternal border of the 
muscle than in that turning backward. The diaphragm in all my experiments proved to be a 
trimeric muscle, that is to say, drew its innervation from a series of three consecutive spinal nerves, 
resembling in this character the majority of the limb muscles. The elements of the individual 
metamers are also, as in the limb muscles, much commingled and not strictly territorially 


arranged. 


VilruH Cervicat Nerve (Figs. 4 and 5, and 7 and 8) 


This skin-field has been delimited completely in four individuals and incompletely in 
a fifth. 

Example—lM. rhesus. ¢, young. At 11.15 a.m. the posterior roots of the I[Ird, IVth, 
Vth, VIth and VIIIth cervical, and of the Ist, IInd, IIrd, 1Vth, Vth and VIth thoracic nerves of 
the right side divided. The isolated field of response due to the VIIth cervical being intact, was 
finally delimited at 4.30 p.m. 

‘The field of response is limited by a line which is traceable from the radial side of the 
cleft between the 3rd and 4th digits, and runs along the palm on the radial edge of the main 
longitudinal furrow. From the palm it takes an almost rectilinear course, ascending the flexor 
aspect of the forearm along the hollow between the flexor and the supinator groups of muscles. 
It attains the radial side of the biceps tendon and then mounts the swelling prominence of the biceps 
muscle ; at first it fairly bisects the surface of this prominence longitudinally, but higher up the 
line tends outward and ascends over the insertion of the deltoid muscles, and then recurves abruptly 
downward below the insertion of the deltoid, and again bends upward behind the deltoid : once 
more abruptly recurving it descends and follows the groove between extensors and flexors of elbow- 
joint. The line enters the extensor surface of the forearm closely behind the head of the radius, 


and well in front of the olecranon process of the ulna. It runs down the back of the forearm 


* ©Compt. Rend.,’ vol. 98, p. 829. + ‘Brain,’ xxxvi, p. 5103 xlii, p. 289. t Loc, cit. 


EXAMINATION OF SOME SPINAL NERVES 77 


nearer the ulnar than the radial edge, especially in the distal half of the region. ‘The line enters 
the dorsal surface of the hand by passing over the joint between ulnar and radius, and runs to the 
mid-point of the knuckle of the ring-finger and down the back of the proximal phalanx of that 
finger for a short distance. Finally, the line turns abruptly outward to reach the cleft between 
the middle and the ring fingers, and attains there the point from which it was traced.’ 

The individual variation met with in examining this field has been slight, but in two cases 
the field included all but the ulnar face of the ring-finger. In another (fig. 7, p. 98) it included 


part of ring-finger. 
2. Motor Root. VIIth root. (See Conspectus, p. 114 ifra.) 


Three experiments, two on MZacacus rhesus, one on Macacus sinicus ; all by degeneration 
method. 

Dorsal primary division : erector spine and transverso-spinales. 
scalent, 
serratus magnus. 
pectoralis mayor (the whole muscle, apparently). 
pectoralis minor (less vigorously than p. mayor). 
deltoideus (especially the portion from the scapular spine). 
longus colli. 
datissimus dorsi. 
triceps (especially the long and outer heads) anconeus. 
teres major. 
subscapularis. 
infraspinatus. 
coraco-brachials, 
supinator longus. 
extensor carpi radialis longior. 
Ventral primary extensor carpi radials brevior. 

division flexor sublimis digitorum. 

flexor profundus digitorum. 
flexor carpi radials. 


pronator radii teres. 


extensor communis digitorum feebly, but distinctly. 


extensor carpi ulnaris 3 


extensor ossis metacarpi pollicis 3 


extensor longus pollicis * 


| flexor brevis pollicis (superficial head only) 95 


biceps feebly ; in one experiment not at all. 
brachialis anticus 5 5 
flexor carpi ulnaris s5 re 
flexor longus pollicis a ie 


L supinator brevis . 53 
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In one experiment further the degeneration method was completed by teasing nerve- 
twigs to muscles, and the following muscular branches revealed degenerate motor fibres, the 
right hand VIIth cervical nerve having been severed in the vertebral canal twenty days 
previously. 

Supraspinatus. * 

infraspinatus. 

pectoralis minor. 

biceps. 

supinator longus. 

extensor carpi radialis longior, 
extensor carpi radialis brevior. 
pronator radii teres. 

triceps (outer head). 

flexor carpi radialis. 

palmaris longus.” 

flexor carpi ulnaris. 

extensor communis digitorum. 
extensor longus pollicis. 
extensor brevis pollicis.* 
extensor ossis metacarpi pollicis. 
extensor indicis.* 

superficial short muscles of thumb. Lumbricales (2) and interossei (2). 
flexor sublimis digitorum, 

flexor profundus digitorum. 
extensor carpi ulnaris. 

extensor minimi digiti.* 
pronator quadratus* (two degenerated fibres). 


supinator brevis (two degenerated fibres). 


The six muscles marked with a cross have therefore to be added to those given in the 
previous list in order to complete the motor distribution of the VIIth cervical segment. 

In this experiment not a single degenerate nerve-fibre was detected in the cervical sym- 
pathetic trunk. 


The phrenic trunk contained no degeneration after section of this root. 


VIllrH Cervica, Nerve (Figs, 4 and 5) 
This skin-field has been delimited completely in three individuals, incompletely in a fourth 
and fifth. 
Example—M. rhesus. 8 strong, young. At 10am. The Vth, VIth, and VIIth cer- 
vical, and the Ist, Ind, IIrd, IVth, and Vth thoracic roots of the right side severed in the 


vertebral canal. 


EXAMINATION OF SOME SPINAL NERVES 79 


An isolated field of response, that supplied by 8th cervical root, was finally delimited at 
4.30 pm. This field was contained within the following boundary. From a point about one 
quarter the way up the outer edge of the upper arm, in the furrow between the biceps and triceps 
muscles, the boundary slopes abruptly back across the triceps for about 2 centims., and then 
recurves at less than a right angle to pass downward between the olecranon and the outer condyle 
of the humerus and gain the forearm. It descends the outer side of the extensor surface of the 
forearm for about one-third the way to the wrist, and then slants toward the ulnar side and attains 
the ulnar edge about one-third up the forearm. It slopes round as far as the flexor aspect of the 
ulnar edge and then sharply recurves on itself, tending upward and outward across the face of the 
flexor aspect of the forearm, to a point about two-fifths up the flexor aspect of the forearm, and 
midway between its radial and ulnar borders. “Thence the line of boundary returns and descends 
just to the ulnar side of the pronator longus tendon. Close above the wrist it slopes outward 
and attains a point one centim. above the styloid process of the radius; from that the line runs 
up the forearm on the outer face of the prominence caused by the prominence of the group of 
supinator muscles, and it ascends finally the furrow between biceps and triceps to the point 
whence it was originally traced.’ 

The agreement between the limits of this field in the individuals observed has been 
singularly close; the discrepancies have been too small to be clearly outside the limits of errors 
inherent in the experimental testing of the skin. The analogy between the cutaneous distribu- 
tion of the VIIIth cervical in the fore-limb, and of the VIth lumbar (Vth lumbar of man) in the 
hind-limb, is curiously great. Each supplies the skin covering the whole free apex of the limb to 
which it belongs, and each has anterior to it a nerve-root which supplies the skin of only the 
anterior side of the free apex of the limb, and each has next behind it a nerve-root that supplies 
the skin of only the posterior portion of the free apex of the limb. 

Although this (VIIIth cervical) skin-field extends further along the radial edge of the fore- 
arm than along the ulnar edge, it was noted in each of the experiments made that when the 
‘contracted field’ was examined, the reply from the pollex was much less brisk than from the fifth 
digit ; also, the reply from the radial side of the forearm was gradually developed under ‘ extension 
of the field.” The centre of the field in the hand lies, therefore, in all probability nearer to the 
ulnar than to the radial border. 

2. Motor Root. VIIth cervical. (See Conspectus, p. 114 infra.) 

Three experiments, all on MWacacus rhesus, and by combined degeneration and excitation 
method as above. 

The root is distributed to the following muscles :-— 

scaleni. 

pectoralis major. 

pectoralis minor. 

triceps (all three heads, especially, perhaps, to the long head). 
latissimus dorsi (especially to a portion near the humeral attachment). 


extensor carpi ulnaris. 
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extensor communis digitorum. 
extensor ossis metacarpi pollicis. 
extensor longus pollicis. 
extensor brevis pollicis. 
extensor indicis. 
extensor minimi digiti. 
flexor carpi radialis. 
flexor carpi ulnaris. 
flexor sublimis digitorum. 
flexor profundus digitorum. 
flexor longus pollicis. 
palmaris longus. 
pronator quadratus. 
the intrinsic muscles of the hand, including the interosset. 
teres majoy—in One experiment only. 
coraco-brachialis—in one experiment only. 
In two further experiments the VIIIth cervical ventral (motor) root having been severed 
twenty days previously, degenerate fibres were found in nerves to the following muscles :— 
flexor carpi radialis. 
triceps, outer and middle heads and anconeus. 
palmaris longus. 
flexor carpi ulnaris. 
extensor communis digitorum, 
flexor longus pollicis. 
extensor longus pollicis. 
extensor brevis pollicis. 
extensor indicis. 
superficial short muscles of thumb. 
flexor sublimis digitorum. 
flexor profundus digitorum. 
pronator quadratus. 
extensor carpi ulnaris. 
extensor ossis metacarpi pollicis. 
extensor minimi digiti. 
deep set of the short muscles of the thumb. 
short muscles of little finger. 
Ist, 2nd, 3rd lumbricales. 
Ist, 2nd, 3rd palmar interossei. 
all the dorsal interossei. 
extensor carpi radialis brevior ¢ A few degenerate fibres were present in one of the 


pronator radii teres (experiments, but were absent in the other, 


ie aoa 
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IVth palmar interosseus muscle—it was doubtful if any degenerate fibres existed in the 
nerve of this muscle in the experiment in which some were present in the nerve to extensor carpi 
radialis brevior—but in the other experiment there were some undoubtedly present. 

In each of these experiments degenerate fibres existed in the cervical sympathetic—in the 
former case two fibres, in the latter five; the degenerate fibres were small myelinate (less 
than 3.54). ° 

When the motor root of this nerve has been completely destroyed by degeneration, a 
number of perfectly sound myelinate fibres are still to be found in the small primary dorsal division 
of it, although that division supplies no cutaneous branch. ‘The sensory fibres in this division 
must be destined for muscles, ligaments, and connective tissue endings. |The motor fibres in the 


division supply the erector spine and transverso-spinales. 


IXrH Nerve or Ist THoracic NERVE 
1. Sensory Root. Distribution to Skin. 

Example.—M., rhesus, ?, At 9.30 a.m., the posterior roots of the Vth, VIth, VIIth, and 
VIIIth cervical, and of the IInd, IIIrd, and IVth thoracic nerves of right side cut in the spinal 
canal. At 6 p.m. the skin-field of the Ist thoracic was finally determined. 

‘The field of response isolated is limited by a line traceable as follows :—From a point in 
the flexure of the elbow superficial to the biceps tendon, and thence down the front of the forearm 
and across the wrist a little to the radial side of the inferior radio-ulnar articulation, along the palm 
in a straight line to the cleft between middle and ring fingers, thence along the radial side of the 
ring-finger as far as the last phalanx, on the radial face of which it recurves and runs back along 
the dorsal face of the middle and proximal phalanges to the hand. On the dorsum of the hand it 
takes a fairly straight course, passes over the back of the inferior radio-ulnar joint, and climbs 
the forearm along the extensor aspect to the external condyle of the humerus, and passes a centim. 
or more above that. ‘The line then makes a curious and characteristic rectangular bend, winding 
round the olecranon to the inner condyle of the humerus, and then tending up the arm along the 
axillary face of the coraco-brachialis, and making for a point just below the insertion of the deltoid. 
The line, when it has nearly reached the deltoid insertion, recurves and then passes down the 
skin over the biceps to the point whence it was traced; it thus includes a tongue-shaped area 
pointed upwards on the lower part of the flexor and axillary surface of the upper arm.’ 

Varieties—In one individual a little of the ulnar side of the middle finger and the whole 
of the ring-finger, and in another individual (figs. 7, 8, pp. 98, 100 in text) the whole of the 
ring and middle fingers and a piece of the ulnar side of the root of the index were included in 
the field of the Ist thoracic. “This is not usual. 

This skin-field has been delimited in eight individuals—in five for the present paper, in 
three for my previous communication, 

I am inclined to think that on this skin-field, which seems a little post-fixed as compared 
with the human, rests some of the best evidence that the human brachial plexus, and therefore the 
skin and musculature of the arm of Man, are somewhat prefixed as compared with AZacacus. In 

L 
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Man the Ist thoracic sends a branch back to join the IInd thoracic (cutaneous), but it does not do 


so in the Macaques I have dissected. 


2. Motor Root. Ist Thoracic. (See Conspectus, p. 114 infra.) 


Two experiments, both by degeneration method : one performed on Macacus rhesus, one 
on Macacus sinicus. The muscular distribution was in this way found to include the following :— 
scaleni. 
pectorals major (lower body only). 
pectoralis minor. 
triceps (inner head, long head less). 
latissimus dorsi (in part). 


serratus posticus superior. 


palmaris longus. 

flexor carpi ulnaris. 

flexor profundus digitorum. 

flexor sublimis digitorum. 

flexor longus pollicis. 

pronator quadratus. 

extensor ossis metacarpi pollicis. 

extensor longus pollicis. 

extensor brevis pollicis. 

extensor communis digitorum. 

extensor indicis. 

extensor minimi digiti. 

extensor carpi ulnaris. 

intrinsic muscles of the hand, including the interossei. 
A further examination of the distribution of this motor root was carried out as before by 

degeneration and teasing nerve-trunks. Degenerate nerve-fibres were traced to the following 

muscles :-— 

flexor carpi radialis. 

palmaris longus. 

extensor communis digitorum. 

flexor profundus digitorum. 

flexor sublimis digitorum. 

pronator quadratus. 

extensor carpi ulnaris. 

extensor indicis (not always). 

extensor internodii pollicis (not always). 

extensor minimi digiti. 


superficial short muscles of the thumb, 
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deep short muscles of the thumb. 

short muscles of little finger. 

Ist, 2nd and 3rd lumbricales. 

all the palmar The amount of degeneration was greater in the 1Vth 


interossel : : 
all the dorsal J N palmar interosseus than in the Ist. 


In this experiment 73 degenerate fibres were present in the cervical sympathetic—fine 
myelinate all of them. 

After this motor root has been destroyed by degeneration, a considerable number of 
perfectly sound nerve-fibres still persist in the first intercostal nerve. ‘This latter must therefore 
contain a number of afferent nerve-fibres, although in the Monkey it does not give any lateral or 
other cutaneous branch-—at least I have found none. In the same way the small dorsal primary 
division of this nerve is found to contain a number of fibres from the spinal root-ganglion, although 
it gives off no cutaneous branch. ‘The motor fibres in the small posterior primary division innervate 


the erector spine, levator costa, and transverso-spinales. 


XrH Nerve or Inn THoracic NERVE 
1. Sensory Root. Distribution to Skin, 

Example.—M. rhesus. 9. At 10 a.m. the posterior roots of the HIrd, [Vth, Vth, VIth, 
Vilth, and VIIIth cervical, and of the Ist, I[Ird, [Vth, and Vth thoracic nerves of the right side 
severed ; at 5 p.m. the skin-field of IInd thoracic nerve finally delimited. 

‘The isolated field of response is limited by a line which runs as follows :—It starts at a 
point one-third down the forearm, at the junction of the ulnar and flexor surfaces: it from there 
slopes upward across the root of the olecranon, and along the space between olecranon and inner 
condyle. It passes up the upper arm along the middle of the posterior aspect of it, on the surface 
of the triceps behind the biceps, and close behind the deltoid muscle. It meets the spine of the 
scapula near its acromial end, and at once returns to sweep into axilla and recurve upward once 
more and wind the pectoral fold to the front of the chest on pectoralis. It then retires again, and 
comes down the outer aspect of the arm. It passes just in front of the outer condyle of the 
humerus, and down the extensor face of the forearm, sloping towards the head of the ulna, and 
above that recurves, to pass upwards and attain the point whence it was originally traced. It 
therefore reaches a little more than half way down the forearm, and approaches the wrist most 


nearly in the skin over the ulnar border of the forearm.’ 


2. Motor Root. IInd Thoracic Nerve. (See Conspectus, p. 114, infra.) 

I have never, in Macacus, found wanting a distinct contribution from the IInd thoracic 
to the brachial plexus. I ascertained by degeneration experiments that this, which is too short to 
stimulate without some risk of escape of current, contains both motor and sensory fibres. In full 
accord with the distribution of the degeneration, excitation of the IInd thoracic motor root gives 
contraction of a number of hand muscles. W. Krauss, although he noted the presence of this 


branch in the Rabbit, did not discover its importance to the plexus. ForGur and LANNEGRACE 
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overlooked it altogether in Dog and Monkey. FeErrrer and Yeo (1884) were the first to 
demonstrate that it contributes to the hand: they describe it as supplying the interossei and 
evoking ‘ interosseous flexion.” In my own paper I noted instances in which it evoked flexion 
and pronation at wrist, as well as full flexion of the thumb and fingers, both in AZ. rhesus and in 
sinicus ; also in Cercopithecus and in Cynocephalus. 1 have also seen slight flexion of the wrist as a 
willed movement in a Macaque in which the VIth, VIIth and VIIIth cervical and Ist thoracic 
roots had been cut through. In fact, it supplies flexor profundus, flexor sublimis, palmaris longus, 
pronator quadratus, as well as the 1u_ les of the hand. 

In all cases the sca/eni (not medius) muscles contained degenerated nerve-fibres ; as also, 
vid the posterior primary division of the nerve, the erector spine and transverso-spinales. 

Examined by the degeneration method and the teasing of muscle-nerves for detection of 


breaking down nerve fibres, the following results were obtained in two Macaques :— 


Experiment 1. Experiment 2. 


palmaris longus. flexor longus pollicis. 


pronator quadratus. flexor sublimis digitorum. 


flexor longus pollicis. 
flexor sublimis digitorum. 


flexor profundus digitorum. 


deep short muscles of thumb. 


flexor profundus digitorum. 


deep short muscles of thumb. 


short muscles of little finger. 


all the lumbricales. 


all the lumbricales. aie Hetin real .. 
5 t : 
all the dorsal ) | . alice neat interossei 
\ interossel. 


all the palmar 


short muscles of little finger. 


The fact that after degeneration ot the lowest four cervical and of the Ist thoracic nerves, 
excitation of the IInd thoracic or of the cords of brachial plexus still evokes a flexion of the wrist 
and of the digits, in which the terminal phalanges of the latter are flexed on the middle phalanges 
as well as these last on the proximal, might be taken to prove that the flexor profundus digitorum 


was in action, and therefore innervated by the IInd thoracic. ‘The flexor profundus is, it is true, 


In Man 


the flexor profundus (perforans) is the flexor of the terminal phalanges on the middle phalanges, 


usually innervated in part by the IInd thoracic, but the above fact is not the proof of it. 
and the sublimis does not flex the former. In the Macaque both profundus and sublimis flex 
similarly the terminal and middle and proximal phalanges ; if the middle phalanges are prevented 
from flexion (as presumably under action of the interossei and lumbricales), the sublimis cannot 
flex the terminal phalanx, although the profundus can. ‘This action can be easily examined by 
pulling on the respective tendons in the Macaque. 

In all the Macaques I have examined in reference to the point, the IInd thoracic 
HeEpBurn has 
described that in Monkeys the ulnar gives a considerable branch to the median in the upper part 


Although 


innervates the hand not only wid the ulnar nerve, but also wid the median, 


of the forearm. It is through this that the above-described distribution takes place. 


wy 
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present in the Macaque, I have never met with this forearm branch in Cercocebus nor in 
Cynocephalus. These latter forms do possess, however, the somewhat similar communication 
between external saphenous nerve and external plantar at the heel deep to the tendo Achillis, 
which I described and figured in my former paper in AZacacus.* ‘The contribution from ulnar to 
median contains cutaneous sensory fibres as well as motor efferent (see p. 102, fig. 11, p. 103, 
below). The communication between ulnar and median is normal in most Mammals.t In Man 
it occurs in 20 to 25 per cent. of individuals, a fact which lends more interest to the physiological 
analysis of the communication as it exists in AZacacus, 

It will be noted that although the IInd thoracic nerve contributes to the innervation of the 
muscles of the hand and lower forearm, it does not contribute to the sensory innervation of any 
part of the skin of the hand, nor even to that of the lower part of the forearm. Also, although it 
supplies the muscles of the second intercostal space, the skin overlying the second intercostal space 
is not innervated by it. I have already pointed this out as a striking illustration of the want 
of real basis for the so-called ‘law’ (VAN DER Ko tk, Hirron), which states that muscles and 
their overlying integument are supplied by the same segmental nerves. ‘The skin over the first 
and second intercostal spaces is in great part innervated from segments five and six, segments 
further headward than the source of innervation of the underlying muscles, e.g., first intercostal 
space : muscles, Ist thoracic, skin, [Vth cervical. 

In concluding this section a few words are desirable regarding the comparison between the 
segmental anatomy of Man and of Macacus in this region. Beyond question the similarity 
between the two is almost minutely exact. “The most salient point of difference appears in the 
motor distribution of the IInd thoracic root, which is not generally considered to contribute to the 
brachial plexus in Man. Its contribution is of almost universal occurrence in the animals used in 
the Laboratory. I have tested the point by dissection and stimulation in the Dog, Cat,§ Horse, 
Rabbit, and Rat, as well as in Monkeys, and find it among the types examined of inconstant pre- 
sence in the Cat and Dog only : it is more frequently absent in Cat than in Dog, and sometimes 
on one side only. ‘That a communicating branch often passes in Man from IInd thoracic to Ist 
thoracic has been seen by CUNNINGHAM, who found it in 70 per cent. of the individuals examined. 
If the IInd thoracic does not really contribute to the human brachial plexus, the plexus of Man is 
prefixed as compared with that of the other types. Now in the Macaque the rectus capitis anticus 
major is supplied not from the Ist cervical root as in Man. The Sca/eni, all three, are present in 
Macaque as in Man, but they receive a more posterior root supply than in Man, the upper two 
thoracic roots contributing to their innervation, whereas the IInd and IIIrd cervical roots do not 
contribute to them in AZacacus, though they do so in Man. In the Macaque I have in one 


individual found the IIIrd cervical motor root innervating the diaphragm (ventral part), but in 


*¢ Journal of Physiology,’ vol. 13, p. 643, Plate 21, fig. 7. + Bardeleben. 
+ Quain’s ‘ Anatomy,’ vol. ili, part 2, p, 302. Thane, 1895. 

§ My results on this point were demonstrated to the Physiological Society, Feb. 13th, 1892. At that date Dr, Langley had 
already (Jan. 20th) sent in a paper to the Royal Society (‘Origin of the Cervical and Upper Thoracic Fibres of the Sympathetic.’ 
Read Feb, 18th, ‘ Phil. Trans.,’ B, 1892) in which, as regards the Cat and Rabbit, results similar to my own had been arrived 
at. oth July, 1897, C.S.S. 
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one instance only. Concordantly with this the VIth cervical in (Zacacus I have found to supply 
the diaphragm regularly (examination by degeneration and ‘teasing,’ as well as by excitation 
method). In a Macaque in which the VIIth right cervical nerve had been severed twelve days, 
I failed to discover degenerate fibres in the phrenic trunk. In Man the phrenic ‘arises mainly 


from the IVth nerve, also receiving in the majority of instances an additional root from either 
the IIIrd or the Vth nerve’ (Tang). On the other hand, in his ‘Anatomy of Domesticated 


Animals,’ CHauveau describes the phrenic as arising mainly from the VIth and VIIth nerves, 
with a subsidiary branch from the Vth. As judged by the root-constitution of the phrenic nerve, 
therefore, the muscles innervated by the brachial region of the cord are more prefixed in Man 
than in the other Mammalian types coming under observation, including Monkey. It may be, 
therefore, that in a certain number of human brachial plexuses the IInd thoracic does not 
contribute to the innervation of the hand muscles ; and certainly in AZacacus the amount of 
contribution by it varies, for I have in some individuals failed to evoke contraction of the deep 
flexor of the forearm through it, though this is often readily done. On the other hand, again, it 
is possible that the segmental position of diaphragm (or rather of phrenic nerve) may vary 
independently of that of the musculature (or nerve-trunks) of the limb ; but this supposition is 
not in harmony with the rule I found deducible from the lumbo-sacral plexus, viz., ‘the shifting 
up or down of the region of outflow along the cord applies to all the efferent fibres of that 
length’; in other words, although each muscle (nerve-trunk) is displaced absolutely, it is not 
displaced relatively to its neighbours, LaNGLEy’s researches on the Sympathetic shew that, to 
use my own nomenclature, the cervical sympathetic is more prefixed in the Cat and Dog than in 
the Rabbit ; a fact in accord with the not infrequent absence of the contribution from IInd 
thoracic noted above in the Cat (and Dog). Kitumpxe’s conclusion from clinical data, that in 
Man the dilatators of the pupil emerge from cord entire/y in the Ist thoracic root, is almost 
certainly not correct. We know of no type, including Monkey, in which the outflow of dilatators 
is limited to one root, and Brun’s case shows that in Man some leave by a root lower than Ist 
thoracic. Yet Krumpxe’s evidence makes it probable that they leave in Man chiefly by Ist 
thoracic. If so, then the evidence from the sympathetic, and also from the phrenic, points to the 
nerves and muscles of this region in Man being prefixed, as compared with AZacacus and the 
laboratory types. ‘This fact may be remembered in connection with the reduction of sensory 
roots which seems to be in progress at the top of the neck ; the ganglion of the hypoglossal, and 
that of the Ist cervical roots, both present in Ruminants, the latter present in the Cat and Rabbit, 
have both disappeared in AZacacus and in Man. 

As to the spinal skin-fields of AZacacus and of Man, clinical opportunities arise for 
observing some of the latter sufficiently to give ground for brief examination of the correspondence 
between the two. ‘The opportunities of the bedside have afforded the basis for the admirable 
papers of THorRBURN, Heap, James Mackenzie, Srarr, and Kocuer. In regard to the [Vth 
cervical, Srarr’s determination of the posterior edge tallies closest in general level with that 
of Macacus ; Heap’s determination in shape of contour, the curious double shoulder peak of 


Macacus, appearing with fidelity in Man. In regard to the Vth cervical, there is close 
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agreement between all the clinical observers and the experiments on AZacacus ; in the photograph 
of one of my experiments the posterior border of Macaque’s skin-field must have agreed point for 
point with THorsurn’s figure of that border; Mackenzig’s figure also gives almost exactly the 
same situation for it. In the clinical determination of the posterior border of VIth cervical the 
limit given it on the hand in Brun’s case agrees absolutely with that part of one of my photo- 
graphs of Macacus. But, as stated above, I found frequent slight variation of this border in 
Macacus, and the more usual position of the border in AZacacus is one agreeing accurately with 
WILLIAMson’s case, and with the right hand in Herrer’s case. ‘These cases go far to show that 
the agreement in this region between AZacacus and Man is very close, extending even to details of 
individual variation. Hkap’s upper patch—a deltoid patch——of the VIth cervical field is included 
quite identically by AZacacus. As to the VIIth cervical, ‘THoRBuRN’s fig. 5, which he suggests is 
the VIIth cervical (of course, its posterior border only), closely follows the lines of AZacacus, 
except that it takes in the ulnar edge of ring-finger, which I have never seen quite reached by it 
in Macaque. The VIIIth cervical area of Heap in the hand represents with remarkable 
accuracy the central strip of the same field in AZacacus, for it is a strip equidistant from the 
anterior and posterior borders of that field. Also the VIIIth field of AZacacus has extensor and 
flexor peaks resembling those of HeEan’s field. Between the fields of the Ist thoracic in Man as 
determined by Heap, and that experimentally delimited in AZacacus, the correspondence is again 
strikingly close, the latter being, as is inseparable from the difference of the two methods of 
determination, rather the more extensive ; the determinations of the other clinicians for this root 
are not in good agreement with AZacacus. In view of the above discussion as to whether the 
IInd thoracic nerve contributes to the muscles of the arm in Man as in AZacacus, the degree of 
correspondence between the skin-field of the root in the two cases is of special interest. Now, 
MackeEnzir’s figure (a case of herpetic eruption, v. BARENsPUNG) displays a distribution of the 
root closely similar to that in AZacacus ; and Hean’s area, determined both by herpetic eruption 
and by reference in visceral disease, gives a still completer correspondence. Other clinical 
observers do not describe the IInd thoracic field. The correspondence between this field in 
Man, as described by Heap and Mackenzzi, is so close as not to indicate that Man’s plexus is 
more prefixed than Macaque’s. It is true that one occasionally meets with sensory roots and 
motor roots varying independently as regards pre and post fixture; but that is not the rule. 
I cannot, therefore, help suspecting that our text-books on human anatomy may err in omitting 
the IInd thoracic nerve from the human brachial plexus, although I think the above observations 
prove a certain degree of prefixture in the prevailing type of human brachial plexus as compared 
with Macaque’s—in this point resembling the Cat’s plexus—as compared with AZacacus, Rabbit, 
Dog, and Rat. The fact that in AZacacus the Ist thoracic does not, as it does in Man, send 
usually a branch to join the IInd thoracic, points in the direction of slight prefixture in Man, as 
does the muscular analysis. But Heap’s and Mackenzig’s observations of the area of the IInd 
thoracic in Man seem to prove that the amount of his prefixture is after all small. It is certainly 
smaller in this region than in the lumbo-sacral, where, as I have shown in my previous papers, 
that both in regard to muscle and skin the human lies one whole segment in front of (7.e., prefixed 


in comparison with) the Macaque type. 
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As just mentioned, the topography of certain skin-areas of painfulness and hyperalgesia, 
explicable by reference from visceral disease, has been investigated by Heap, and shown by him to 
exhibit a segmental arrangement. ‘This segmental scheme is, broadly taken, notably similar to 
that of the spinal root-fields as exhibited in AZacacus. For instance, the areas of reference 
observe like the root-fields the great mid-dorsal and mid-ventral lines of the limb described above ; 
a point of difference is that the former are individually less extensive, and therefore exhibit less 
overlapping than the latter. The difficulty of minute comparison between the two is much 
enhanced by the frequent individual variation which I find obtain, 

One noteworthy point issues clearly from their comparison, however. In the root-fields 
I met certain peculiarities of contour which recurred with such constancy that I soon came to 
recognise them as diagnostic for certain fields. ‘These bold peaks and notches are obvious also in 
the visceral areas of Heap, ¢.g., the groin peak from the XIIth thoracic, the lateral flap upwards 
from the Vth thoracic, the lateral flap downwards from the IIIrd cervical, the axillary peak of the 
IInd thoracic. The similarity is too significant for chance coincidence. Again, HEap’s weighty 


discovery that two fields of skin—an upper between IVth cervical and Ist thoracic, and a lower 


between Ist lumbar and Vth lumbar—are, as regards reference of visceral pains, virgin and blank, 
suffices of itself to establish the intimate connection of the two schemes. ‘The situation of these 
gaps is, according to both sets of observations, the very region of most pure, of least complicated, 
limb character. Exact and absolute correspondence between skin-fields of AZacacus and Man is not 
to be expected, if, as I have, I think, proved above, the skin and muscles of Man are more pre- 


fixed than are those of AZacacus. 
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SECTION II.—THE SEGMENTAL SCHEME OF INNERVATION 
IN THE LIMBS 


It was pointed out in my previous paper* on the innervation of the limbs, that there is, 
between the scheme of distribution of the motor and of the sensory spinal roots, a striking 
difference when the fields of the two roots are examined in the limbs, by, on the one hand, motor 
nerves to muscles, on the other, sensory nerves to skin, 

The motor root of each spinal nerve was found to supply a band of muscular tissue, 
extending as a fairly continuous ray from the trunk and attached base of the limb, laterally, 
outward a greater or less distance toward the limb apex. The motor rays examined in serial 
order from before backward were found to extend further and further laterally, so that the 
hindmost two (or, in some individuals, three) reach and contribute to the extreme apex of the 
limb.- Of the motor spinal roots supplying the limb, each, even of those penetrating to the 
extreme apex of the limb, still contributes to the innervation of the muscles of the trunk. ‘That 
is to say, none of the motor segments of the limb are detached from the median plane of the 
trunk. As instance, the 5th muscular ray of the pelvic limb, contributing as it does to the limb’s 
extreme apex, nevertheless does not lose its base in the axial muscles of the trunk, but gives 
a share to such axial muscles as sacro-coccygeus. 

With this arrangement of the motor roots the distribution of the sensory roots to the skin 
does not accord. The fields of distribution of the sensory roots, as examined on the surface of the 
limbs, are for those roots which supply the apex of the limb, widely disjoined from the median 
plane of the body, both dorsally and ventrally. “The sensory arrangement is best described by 
imagining that into the proximal part of the limb on its dorsal and ventral surfaces the mid-dorsal 
and mid-ventral lines of the body have each thrust a spike, a secondary lateral axis, sidewise, 
almost at right angles to their own direction. Granted these side lines, the arrangement of the 
spinal skin-fields of the limb can be accurately stated by saying that they are ranged upon the 
secondary dorsal and ventral lines as though upon folded portions of the axial lines of the trunk 
itself. I gave further, in a previous paper,* reasons besides the above for believing the secondary 
axes to have a real, not merely hypothetical, existence. 

Also, in another respect, the fields of distribution of the motor and sensory spinal roots 
respectively are, as examined in the muscles and in the skin of the limb, widely dissimilar. “The 
motor rays segmentally composing the musculature of the limb are set in fore and aft series in 
such a way that the pelvic limb has a sloping anterior side,t because the rays entering the limb 
are, in front, four, of which each extends further into the limb than the immediately precedent 
ray. Along its posterior edge, on the contrary, the limb is composed in its whole length of one 
ray only, the VIth or most posterior of all those in the musculature of the limb. With the 
distribution of the sensory roots of the limb, as examined in the skin, the arrangement is different. 


The skin-fields of the sensory roots lie along the posterior face of the limb as well as along its 


* ©Phil, Trans.,’ B, 1892, vol. 184. 
{+ In other words, the anterior edge of the limb is not at right angles to the axis of the trunk, but encloses behind it with 
that axis an angle less than a right angle. 
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anterior in an overlapping series, so that each member contributes to a sloping edge, and the 
middle membe1 juts the farthest. It results, therefore, that the posterior as well as the anterior 
side of the limb is as regards skin sloping, and that neither side is covered by a single segment only. 

When previously pointing out this discrepancy between the arrangement of the fields of 
distribution of the motor and sensory roots, I added :* ‘it must be remembered that the fields of 
the sensory roots as delimited in the present research are cutaneous and literally skin-deep only. 
In such glimpses as we obtain of the distribution of sensory nerve-fibres to muscles, they seem to 
correspond segmentally with the motor supply.’ ‘The difference between the arrangement found 
for the motor-roots and that for the sensory may really be due less to the comparison being of 
efferent with afferent distribution, than to the comparison being of muscle with skin.’ I have now 
observations which, I think, prove the above suggestion to be correct. “The observations are as 
follows :-— 

I. The phrenic, which may be taken as a muscular nerve, contains fibres from the IVth, 
Vth and VIth cervical spinal ganglia, z.e., from the sensory roots of exactly the same spinal 
segments as those whence motor fibres are furnished to it. 

II. Afferent fibres in the nerve to vastus medialis and femoralis muscles are traceable to 
the spinal ganglia of the Vth and [Vth lumbar nerves of AZacacus, that is, to exactly the nerves 
which furnish the motor innervation of those muscles. I showed previously that the afferent 
nerve-fibres of these muscles pass through the Vth lumbar root, but I failed to demonstrate them 
with certainty in the root of the [Vth lumbar, although in this latter root the corresponding 
motor-fibres are easily detected. Returning to the experiments again, I have since found that 
by employing strychnia it is possible to distinctly detect the existence of afferent fibres from 
vastus medialis and femoralis in the root of the [Vth lumbar, in addition to those in the Vth. 
The proof is furnished by the persistence of the knee-jerk under strychnia poisoning, after 
severance of the obturator and sciatic trunks and of all branches of the femoral nerve, except that 
to vastus medialis and femoralis, together with section of the sensory root of the Vth lumbar nerve. 
The jerk persists, although in a crippled manner ; it is completely (with the reservation explained 


in next paragraph) abolished by subsequent section of the sensory root of the [Vth lumbar nerve. 


The same appears true for the Cat, if for Vth and IVth lumbar nerves VIth and Vth be 
substituted. But in the Cat I have twice observed a phenomenon, recorded by Westpuat, which might 
appear to invalidate the above evidence. Wesrpuat states, on the strength of two observations on the 
Dog, that after exhibition of strychnia the knee-jerk is obtainable after section of a/ the afferent roots of 
the plexus ; these observations form a part of his evidence that the jerk is not a reflex. In spite of their 
importance I cannot find the observations to have been ever repeated by Westpuat or by others. 
Certainly, in the Cat, after section of all the afferent roots of the plexus, if strychnia be exhibited, a tap 
upon the patellar tendon occasionally evokes an extension of the knee, indistinguishable, as far as inspection 
can judge, from a true knee-jerk. But the phenomenon is exceptional, not the rule; thus it occurred in 
two out of six experiments. ‘The exceptional production of this condition by strychnia need not really 
confuse its regular effect of rendering sufficient for production of the jerk the comparatively slender 
afferent path in the I1Vth lumbar (Macacus) root, after section of which the jerk, even under strychnia, is 
as a rule absolutely lost. 


* ¢Phil, Trans.,’ B, vol. 184, /oc. cit, I have since examined the sensory nerve-fibres in muscles, ‘ Journ, of Physiol.,’ 
vol, 17, 1894. 
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III. In the case of the VIth post-thoracic nerve of Macacus and of the VIIth of the 
Cat, the discrepancy between sensory distribution, as examined in skin, and motor distribution, 
as examined in skeletal muscle, reaches its extremest degree ; yet even there the sensory root 
supplies nerve-fibres to the same muscles which the motor root supplies. 


Example.—M. sinicus: the motor and sensory roots, including the whole spinal ganglion of the 
right I[Ird, IVth, Vth, VIIth, and VIIIth post-thoracic nerves excised ; the motor and sensory roots of 
the VIth post thoracic simply severed well proximal to the ganglion. ‘Thirty-five days’ interval allowed 
for degeneration ; the animal then finally examined, and its nerves prepared. 

The lumbo-sacral plexus proved, on dissection, to be of prefixed type. 

On excitation of the motor root of the VIth nerve of the intact side, contraction was noted in the 
following muscles : tibialis anticus, extensor longus digitorum, peronei, tibialis posticus, flexor longus 
digitorum, gastrocnemius, extensor brevis digitorum, flexor brevis digitorum, semimembranosus, semi- 
tendinosus, biceps, pyriformis, muscles of the back abducting the root of the tail. 

The following nerves of muscles were microtomed for detection of some fibres ; in most cases they 
were examined by teasing also :— 


Nerve-trunk. Number of sound myelinate fibres. 

n. to “bialis anticus and extensor longus. : . hardly any. 
n. to peroneus longus : : ; : » hardly any. 
n. to extensor brevis digitorum : : é . a few sound fibres. 
n. to tibialis posticus ; : ; : . few, but more than to tibialis anticus. 
n. to flexor brevis min. digiti . : : . a fair number. 
n. to gastrocnemius, mesial head. : : . a large number of sound fibres. 

= “i lateral ,, : : . . a large number of sound fibres. 
n. to semimembranosus . : : : . a few sound fibres. 
n. to semitendinosus : : : : . a large number of sound fibres. 
n. to biceps : : : : : . a great number. 
n. 40 all the hamstring group—i4 bunales . : . no bundle without sound fibres. 


the number of fibres in the ventral 


VIth post-thoracic nerve, including spinal ganglion and | divisi b h half 
ivision must be more than _ half, 


ventral and dorsal primary divisions of the nerve : . 
[ and in the dorsal very nearly half. 
collateral cutaneous nerves of the toes— 
2nd toe, mesial side, dorsal twig F : . five fibres. 
», lateral side, dorsal twig : : . seventeen fibres. 
5 ae » ventral twig F : . about sixty fibres. 
cleft between 3rd and 4th toes, dorsal twig. . plenty. 
53 3 4th and 4th toes, dorsal twig. . at least a half are sound. 
5th toe, lateral edge, dorsal twig : . more than half are sound. 
oy a », ventral twig ; . . more than half are sound. 


Example.—Cat: the motor and sensory roots of the Vth, VIth and VIIIth post-thoracic nerves 
excised, including the whole ganglion of each sensory root. ‘The VIIth post-thoracic severed well on the 
spinal side of the ganglion. ‘Time allowed for degeneration, forty-three days. "The animal then finally 
examined, and the various nerves prepared. ‘The lumbo-sacral plexus was found by dissection to be a 
moderate example of the prefixed class.) The VIIth post-thoracic nerve contributed no twig to the 
obturator trunk. Excitation of the IXth post-thoracic root gave no contraction of the limb muscles. 

The cutaneous distribution of the VIIth post-thoracic nerve in the Cat includes the foot both 
dorsal and plantar aspects, and the lateral aspect of the leg below the knee, reaching above the knee for a 
short distance only on the postero-lateral surface of the limb. On excitation of the motor root of this 
nerve on the side of the body in which it was intact, contractions were noted in the following muscles, 
tibialis anticus, peroneus, tibialis posticus, flexor longus digitorum, gastrocnemius, semimembranosus, 
semitendinosus, biceps, and in muscles of the back moving the root of the tail. Of the muscular ray thus 
innervated by the motor root of this nerve the distal part only is, therefore, covered by the skin innervated 


g2 


by the sensory root of the nerve. 
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But, on examining the following muscular nerves for undegenerate 


fibres, the sensory distribution of the nerve was found to include the following muscles: gastrocnemius, 
both heads: semimembranosus, semitendinosus, biceps, tibialis anticus, tibialis posticus, and muscles of the back. 


Nerve trunk. 
n. to sartorius 
obturator in pelvis 


obturator in thigh, deep division 
5 », superficial division 
n. to sbialis anticus 
n. to extensor digitorum 
n. to tibialis posticus 
n. to gastrocnemius, lateral head, 5 bundics 
2 Fy, median head, 4 bundles 
n. to semimembranosus, 3 bundles 
n. to semitendinosus, 2 bundles 
n. to biceps, 4 bundles 
the most lateral plantal digital 
the most lateral dorsal digital 
the most medial dorsal digital 


Condition of nerve fibres. 
no sound myelinate fibres. 
? a few minute myelinate fibres in the 
perineurium : none sound elsewhere. 
no sound myelinate fibres. 
no sound myelinate fibres. 
plenty of sound myelinate fibres. 
plenty of sound myelinate fibres. 
a number of sound myelinate fibres. 
7 sound fibres, 17 uw—2 m- 
7 sound fibres, 12 u—-2 mp. 
94 sound fibres, 19 w—2 m. 
52 sound fibres, 19 u—z p. 
37 sound fibres. 
many sound myelinate fibres. 
very few sound myelinate fibres. 
a fair number of sound myelinate fibres. 


no ganglion cells or sound myelinate 
fibres, except a few minute ones in or 
near the sheath. 

condition same as that of Vth. 


the Vth post-thoracic nerve trunk from the scar outward | 
for a centimetre 


the VIth post-thoracic . é , : 
{ the VIIth post-thoracic nerve, with ganglion and ventral 
l and dorsal roots and ventral and dorsal primary divisions 
of the nerve. ‘The motor root 3 sound myelinate fibres, ? recurrent. 
| no degeneration, except where the 
scar is approached; there plenty, 
traumatic. 
great numbers of sound fibres. 
about a half of the nerve consists of 
sound myelinate fibres. 
condition as in Vth and VIth. 


ganglion and adjoining piece of dorsal root 


ventral primary division 
dorsal primary division 


the VIIIth post-thoracic nerve 


In the above evidence for the existence in the limb of complete sensory as well as complete 
motor rays, the most convincing item is perhaps that furnished by the primary dorsal divisions of 
the Vth, VIth, and VIIth post-thoracic, and of the VIIIth cervical and Ist thoracic nerves of 
Macacus. I have previously* pointed out that these divisions differ from the similar divisions of 
all the other spinal nerves in not entering the skin; they are devoid of cutaneous branches. 
Their anomalous behaviour is confirmed by the examination of the cutaneous distribution of the 
nerve, which shows that these particular nerves have skin-fields confined to the limb proper (to the 
leg almost exclusively below the knee). They have, therefore, no cutaneous territory at all along 
the middle line of the body. But by the experimental method it is seen that after section of the 
motor roots of these particular nerves more than a half of the nerve-fibres in their primary dorsal 
divisions still remain intact ; the intact fibres are sensory ; the primary dorsal division, although 


not cutaneous, is therefore nevertheless largely sensory. When in the same way the contribution 


* ¢ Roy. Soc. Proc., 1892. ‘Phil. Trans.,’ B, vol. 184, loc. cit, 


EXAMINATION OF SOME SPINAL NERVES 93 


given by the sensory roots of these nerves to the muscular parts or the limb is taken into account, 
a ray of muscular and other tissue is found to extend between the sensory skin-cap supplied by the 
nerves of the apex of the limb only and the median plane of the body. “The proximal portion of 
the sensory ray exists, but buried beneath the surface ; this proximal part is therefore nowhere 
cutaneous, but is mainly muscular; the sensory ray in the muscular and non-cutancous tissue 
stretches from its base in the muscles and ligaments of the vertebral column to an apex in the 
muscles and ligaments, etc., of the foot. 

By the experiments cited this has been shown for the lower limb; it is also true for the 
upper limb and the VIIth and VIIIth cervical and Ist thoracic nerves. “The dorsal primary 
divisions of these nerves, like those of the Vth, VIth, and VIIth post-thoracic, do not possess 
cutaneous branches, thus differing from the primary dorsal divisions of all the other cervical and 
thoracic nerves. 

Experiment. M. rhesus. The Vth, VIIth, VIIIth cervical, and the Ist, IInd, and IIIrd thoracic 
nerves cut in the vertebral canal proximal to the root ganglia. ‘Time allowed for degeneration 28 days. 
The primary dorsal divisions of the Ist thoracic and VIIIth and VIIth cervical nerves on excitation evoked 
no muscular contraction, but when teased and when examined in serial sections, a number of sound 
myelinate nerve-fibres were found in them ; these must have arisen in the spinal ganglia. ‘The muscular 
branches of the ulnar nerve contained a certain number of sound myelinate fibres (not so many as in 
instance quoted from the lower limb) ; so also the inner head of the median nerve, but neither of these 
trunks on faradic excitation evoked muscular contractions. 

It has been shown-above that the distribution of the sensory root-fibres in the last two 
cervical, and in the highest thoracic nerve, is, as regards skin, confined to the hand, forearm, and 
lowest part of the upper arm, nowhere approaching to the median line of the body. If we 
include the sensory fibres distributed to the deep parts, the distribution of these nerves does, 
however, come right up to the median plane, including the muscles and ligaments of the vertebral 
column. ‘Thus in the upper limb, as in the lower, the sensory ray, when its nerves are examined 
by experimental degeneration, is proved to extend from the apex of the limb to the median 
plane of the body, in fact, to be a complete ray. “The proximal part of the ray, however, just as 
in the pelvic limb, nowhere reaches the body surface, but lies beneath the surface, and is composed 
of muscles and deep tissues. If judged by skin alone it is wanting. 

It becomes clear that absence of cutaneous branches from the dorsal primary divisions of 
the VIIth, VIIIth cervical, and Ist thoracic, and from the Vth, VIth and VIIth post-thoracic 
nerves, proves to be simply a natural concomitant of their segmental position in the spinal series, 
and is a criterion indicating that they lie at the very centre of the limb regions, respectively 


brachial and pelvic. 


IV. The spinal roots which are the source of the afferent nerve-fibres of the hamstring 
muscles can be determined by use of vaso-motor and of respiratory reflexes. The individual 
dorsal (posterior) roots through which the afferent nerve-fibres from a muscle pass, can be found 
by noting which are the roots whose section lessens or abolishes the reflex. In the case of the 
hamstring muscles ot the Cat, I find these roots, subject to individual variation, are the VIIth, 


VIlIth and VIth post-thoracic ; now the VIIth, VIIIth and VIth nerves are exactly those the 
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ventral (anterior) roots of which supply the innervation of the muscles in question. Further, the 
VIIth is the chief root of the muscles, both as regards sensory fibres and motor. It is noteworthy 
that the effects of excitation of these afferent nerve-fibres from muscle, both on blood pressure 
and respiration, were not the converse of, but similar in character, to those from internal 
saphenous nerve, though not so extreme. 

The conclusion arrived at by each of the four lines of observation is, therefore, that the 
afferent nerve-fibres distributed in a given muscle arise in the raot-ganglia of exactly those spinal 
segments whence emerge the motor-fbres for the same muscle. In other words, the sensory nerve-cells, 
directly connected with a given skeletal muscle, are in any one individual always of the same seg- 
mental level as the motor nerve-cells connected with the same given muscle. The simplest reflex 
path connected with a muscle may, therefore, be expected to lie exactly in the particular segments 
whence issue the motor-fibres to the muscle. In the ‘knee-jerk’ we have evidence of a muscu- 
lar reflex arc, traceable usually principally from and into vastus medialis and adjacent part of crureus, 
and this affords, as it were, a test case for the above conclusions ; it confirms them perfectly ; it 
exemplifies them by its narrow local extent, and by the segmentally horizontal, correlative position 


of its motor and sensory components. 
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SECTION III.—THE SEGMENTAL ARCHITECTURE OF THE LIMB 


Owing to Gorrne and Oxen, the conception became established that the plan of archi- 
tecture of vertebrate animals is that of a fore-and-aft series of structural units or segments funda- 
mentally similar one to another. Successive morphologists have, since their time, made use of 
various tissues as indices in the study of the disposition of the individual component metamers. 
The recognition of the segmental arrangement had been originally due largely to the obvious 
character of the series of vertebra and ribs. It was, consequently, the osseous parts that were 
chiefly appealed to in the earlier attempts at extending the segmental theory of composition of 
the body to the limb (Carus, Owen), and in endeavouring to recognize the individual segments 
in the limb. Osseous tissue, I would maintain, is really poorly suited to such a purpose. If the 
presence of five digits at the free end of the limb could be taken as indication that the number of 
segments in the limb is five, then might the osseous tissue be useful for the study. The criteria 
used in the observations in this paper are, I think, demonstrably preferable to those taken from the 
bony system, and they show that such a character as the number of digits is a useless one in the 
examination of the segmental theory. The wide employment of osseous tissue for the purpose 
may, perhaps, have been in part due to the abundance of palzontological data it would contribute, 


and it is for this reason the more to be regretted that 


as I believe—the osseous system, in many 
parts, is quite unfitted to throw light on the existence or position of metamers. 

Goopsir early (1857) insisted that the nervous elements of the limb appear to indicate 
more clearly than the other of its constituents, the morphological construction of the part. None 
the less, the study of the segmentation continued to be pursued chiefly upon bones. Later, the 
musculature came in for a share of attention, and now the muscles of the limb seem to obtain a 
preponderant and, perhaps, undue amount of consideration in the matter. A difficulty in making 
use of the nerve-fibres lies, no doubt, in the existence of the complex limb-plexuses entangling 
the segmental nerves at their very outset, before they are even fully launched upon their 
distribution. This difficulty can partly be removed by careful dissection, although, as pointed out 
by W. Krausz,* dissection alone cannot adequately unravel the nerve-courses even in peripheral 
nerves. By using, however, the physiological laws of isolated conduction in nerve-fibres 
(Mutter), and of degeneration of nerve-cell processes (WaLLER), the difficulties of the nerve- 
plexuses and nerve inosculations can be completely set aside. “This being done, the nerve-elements 
in the limb become the best guides available for the tracing of segmental architecture. “That was 
the view of Goopsir, and I share it for the following reasons. ‘The nerve-cells are among the 
earliest cells in the body to cease the exercise of reproductive activity, and especially is this true 
of the cells of the spinal ganglia and of the primary motor neurons of the spinal cord. Neither 
are these cells in any sense vagrant. Remaining from a very early period securely anchored in a 
spot of known metameric orientation, their cell-processes, 7.¢., nerve-fibres, radiate out into the rest 


of the metamer, whose various elements they have to bring into relationship with themselves as 


* ¢ Beit. z. Neurol, d. oberen Extremitat,’ Leipzig, 1865 ; see Plate. 
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central station, In fact, they follow up the extension of the metamer, not by the process in 
virtue of which the other tissue of the metamer extends—namely, by cell-division, but by 
individual growth and increase of the length of the already existing cell-branches. This power of 
comparatively unlimited increase in individual size by elongation of cell-processes, enables the 
nerve-elements, with less metamorphosis and less spatial displacement of its nutritional centre than 
occur in any other tissue, to meet the requirements of changed surroundings,—in short, to become 
adapted with relatively slight transfiguration and dislocation. ‘The pieces of the same individual 
cell can be traced, however far they may extend, by the physiological methods mentioned. A 
limitation to the use of the nerve-fibres as guides to the territorial extent of segments, though 
hardly to their indication of the broad position of segments, is however placed by their habit— 
as it appears to be—-of somewhat overstepping, in their ultimate growth, the actual limits of the 
parent metamer. ‘This overstepping is not in the skeletal muscles and in the sensory structures 
of the skin greater than to include a half, or generally rather less, of the adjacent segment, and it 
is regular in figure and extent. _It certainly does not seriously confuse the picture that it affords, 
of the general segmental plan of a part. 

I have now to attempt an exposition of the general scheme of arrangement I believe 
evidenced by the facts detailed in the preceding sections. Before proceeding to such generalization, 
it is well to obtain, however, some answer to the following questions :—Is the amount of over- 
lapping of the skin-areas of the various spinal nerves equally great in all body-regions? Is the 
amount of overlapriig of the various spinal nerves greater or less than that of the territories of 
peripheral nerve-trunks ? Is the amount of overlapping of the distribution of the sensory spinal- 
roots in skin equalled by that of the distribution of the motor spinal roots in muscles? What 
functional significance can be attached to the overlapping ? 

Is the amount of overlapping of the skin-fields of adjacent dorsal (sensory) spinal roots equally 
great in all body regions. In my previous paper I stated that ‘I conclude that the anterior and 
posterior overlaps are extensive enough in the Monkey to provide that the skin taken along any 
line parallel with the plane of the segmentation is supplied by two adjacent posterior roots. It 
further seems certain that in some places the skin is supplied by three adjacent posterior roots.’ In 
instance of skin receiving a triple root supply, I mentioned a part of the planta of the Cat, and the 
nipple of the Monkey. ‘To these I will add portions of the skin of the hand, where a triple over- 
lap is clearly demonstrable by the following experiment :—The VIIIth cervical dorsal (sensory) 
root of Aacacus having been severed both on left and right sides in the vertebral canal, these are 
further severed on one side (¢.g., right) the dorsal (sensory) roots of the VIIth, VIth and Vth 
cervical nerves, on the opposite side (e.g., left) the dorsal roots of the Ist, IInd and IIIrd thoracic 
nerves. The field of remaining zsthesia is then delimited in each hand. ‘The lines of boundary 
will, on the one hand, be those of the posterior border of the VIIth cervical field; on the other 
hand, those of the anterior border of the Ist thoracic field. Now, as shown above, the field of the 
VIlIth cervical nerve includes every portion of the surface of the whole hand. Further, although 
a certain amount of asymmetry can be detected in some individuals in the root distribution of right 


and left sides, that is of great rarity in the lower extremity, and even more uncommon in the upper 


i 
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extremity, and is always quite small in extent. If, therefore, in a series of experiments of the 
kind under description, the field of the VIIth cervical root is found to include in the left hand 
portions of skin included by the field of the Ist thoracic in the right hand, a triple overlap of the 
fields of the VIIIth cervical, VIIth cervical, and Ist thoracic may be taken to be proven to exist 
there. And such is actually the case. The triangular area of skin on the dorsum and palm of 
the hand shown in figures between the two dotted lines marked 7 and 1, is an area of triple root 
supply. It is notable that the area increases in width as followed from the wrist to the fingers, 
including in the latter position the whole of the medius and the adjacent sides of index and 
annulus. The area lies along the dorsum and palm, somewhat, but not much, towards the ulnar 
side of the mid-line of the hand. 

Again, the pinna of the ear is in part a region of triple overlap, namely, in the fossa 
triangularis, tragus, opening of the meatus and part of the fossa of the antihelix. In this latter 
portion it is probably a region of quadruple overlap, the curious little skin-field of the vagus 
coming into combination with the fields of the cranial Vth, and of the IInd and IIIrd cervical 
nerves. 

On the other hand, in certain regions, e¢.g., along the back of the trunk about midway 
between the mid-dorsal and mid-lateral lines of the body, I think the amount of overlap of the 
root-fields in the skin of the Monkey is not so great as to amount to a full half of the contiguous 
field of each of the two consecutive nerve-roots. ‘This point is, however, a difficult one to feel 
satisfied upon ; experiments upon animals are really hardly suitable for deciding it ; chiefly because 
in this region the degree of sensitiveness of the skin is comparatively low, and to obtain clear 
evidence of sensation, and therefore to have distinct knowledge of the extreme boundary of the 
field of remaining zsthesia, is often by no means easy. “The observations on which I rely do, 
nevertheless, distinctly indicate that in the dorsal region above mentioned, the amount of overlap 
of the consecutive skin-fields is less than, for instance, in the hand. It is therefore safe to say 
that amount of overlapping of the fields of distribution of adjacent sensory spinal-roots is not 
equally great in all regions of the body. 

Is the amount of overlapping of the fields of the spinal nerve-roots greater or less than that of the 
territories of peripheral nerve-trunks ? That the skin-fields of neighbouring peripheral nerve-trunks 
do overlap is generally recognized, but very little experimental evidence exists on the subject. I 
have therefore made some observations on the foot and hand of Macacus rhesus and sinicus. I find 
the results much less open to individual variation than in the experiments upon the spinal nerve- 
roots innervating the same region. ‘The figures illustrate the areas of anaesthesia obtained by 
section of the musculo-cutaneous and anterior tibial nerves, combined on the one side with section 
of the both plantar nerves, on the other with section of the external plantar only. 

It will be noted that the field of the internal saphenous nerve in the Monkey reaches 
along the tibial and dorsal aspect of the hallux very nearly to the tip of that digit. This is in 
agreement with the fact that, as shown in my previous paper, the Vth lumbar of MJacacus rhesus 
has a skin-field which runs down upon that aspect of the hallux. 

In Macacus the nerve seems to descend further along the hallux than it does in Man. 


N 
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It is true that in FLower’s ‘Diagrams of the Nerves of the Human Body’ (1881), the area of 


the internal saphenous nerve is given along the tibial aspect of the hallux, very nearly, if not quite, 


as far as terminal phalanx, and this although no overlapping at all is indicated. In THANE’s more 


careful figure of the cutaneous areas of the nerves of the lower limb (1895) in which overlapping 


is depicted, the area of the internal saphenous nerve is not carried so far down the hallux, and 


occupies part of its dorsal as well as of its lateral aspect. It is my belief that clinical observation 


can, on such subjects as this, afford more perfect information than can dissection. Through the 
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kindness of Mr. Rozerr Jones, of Liverpool, and Dr. CHatmers, I have had the opportunity of 
delimiting the field of the internal saphenous nerve in a patient in whom a portion of the length 
of the sciatic nerve was excised high up underneath the gluteus maximus. I have been unable to 


find any previous instance of the clinical delimitation of the field of this nerve. 


The patient was a well-grown young woman of German extraction, twenty-two years of age. 
Her answers, under examination, were particularly clear and intelligent. ‘The condition noted at a 
period four weeks after the resection of the (right) sciatic was the following :—The border of the 
anesthesia is delimited by a line which can be traced thus: Starting from a point just behind the head 
of the fibula, it crosses forwards and downwards below that point, and reaches the anterior surface of the 
limb lying upon the junction of the peroneal and pretibial groups of muscles. At the junction of the 
lower and middle thirds of the leg it sweeps forward, and at 1 inch above the level of the malleoli it lies 
to the tibial side of the median line of the limb. It then passes down about 1 inch in front of the 
internal malleolus, and thence to the top of the scaphoid. From there it turns back behind it to reach 
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runs abruptly backwards along the internal border of the sole for two inches, towards the heel. About 
the inner border of the sole of the foot, at a point vertically below the internal malleolus, and afterwards 
3 centims. in front of the point of the heel it again abruptly turns to pass upwards between tendo Archillis 
and the internal malleolus, nearer the latter than the former. The line thence slopes across tendo Archillis 
obliquely to reach the fibular side of it, which it attains 5 centims. above the level of the malleoli. It 
next slants across to the fibular side of the calf muscles, so that 8 centims. above the external malleolus 
it is placed only 3.5 centims. from the fibula and 5.5 centims. behind the border already traced. It then 
runs nearly vertically over the calf muscles to the lower apex of the popliteal space, and continues to the 


Fic. 8 


Border line of the 


Ist thoracic. 
Border line of the 


VIIth cervical. 


top of that space (7.¢., to a point 10 centims. above the line of flexure behind the knee) in such «a line 
as to fairly bisect the space. At 10 centims. above the line of flexure, it suddenly recurves so as to include 
an angle of not more than 35°, and descends in a slightly-curved line along the posterior border of 
biceps muscle: this leaves at the level of the flexure of the knee, where it passes to reach the point from 
which the tracing of it was commenced. (See fig. 7a, 1, 2, and 3). 


Measurements taken were as follows :— 

1. From head of fibula to outer malleolus measures 36 centims. 

2. Narrowest width of the anaesthetic area lies at the level of the head of the fibula (width being 
4 centims.). 

3. At 1 centim. above the level of the tip of the internal malleolus, the width of the anesthetic 
area measures 10.5 centims., the whole circumference of the limb there being 19 centims. 

4. The internal malleolus lies just about equidistant from the anterior posterior and lowest edges 
of the field on the inner aspect of the ankle. 


—e 
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The accompanying figure (7a) illustrates better than verbal description the position and 
It indicates that in Man the skin-field of the internal 


extent of the area in the limb-surface. 
saphenous nerve does not descend (in some individuals at least) much further upon the foot 


than to include the inner aspect of the ankle; also that on the front of the leg it includes more 
It makes probable the greater wrapping round the thigh 


of the peroneal aspect than is supposed. 
and knee of the cutaneous branches of the femoral and obturator-nerves ; so that the internal 
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External saphenous. 


Field of anesthesia by 
cutting ant. tibial and 
musculo-cutaneous; ex- 
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communication from ex- 
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External saphenous. 


Internal plantar. 


cutaneous and obturator sweep from the inside back as far as the middle line of the ham, calf, and 
thigh ; while on the outer side the external cutaneous innervates skin over the outer hamstring 


head of the fibula, and a portion of the outer head of the gastrocnemius, and extends, perhaps, a 
This distribution 


fourth of the way from knee to ankle, instead of being confined to the thigh. 

in these directions, more extended than is usually supposed, favours the supposition that the 

overlapping of the skin-fields of the peripheral nerve-trunks is greater than is generally thought. 
Returning to the skin-fields of the peripheral nerve-trunks supplying the Monkey’s foot 
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and hand, the above case indicates that the field of the internal saphenous is larger in the foot 
of the Monkey than in that of Man. Section of the musculo-cutaneous and anterior tibial 
nerves leaves the whole of the thumb, the plantar face, the sides, the nails, and chief part of the 
dorsal aspect of the end phalanx of each of 2nd, 3rd, 4th, and 5th digits, and the outer third as 
well of the dorsum of the 5th digit, still sensitive. Section of the external plantar being then 
performed, adds to the existing area of anesthesia (1) the contiguous sides of the 4th and 5th 
digits, (2) the corresponding lateral halves of their plantar aspects, (3) and of their terminal 


phalanges, dorsally as well, together with (4) an oblong strip of the outer part of the sole extend- 
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ing half-way to the hee]. If, instead of section of the external plantar, the section be of the 
internal plantar, then the additional area of anzsthesia includes (1) the tip and all but a small 
dorsal strip of the rest of the hallux, (2) the tips, sides, and plantar surfaces of the 2nd and ard 
digits, (3) the tibial side of the whole length of the 4th digit, and (4) a triangular patch of the 
planta, including almost all the hairless part of the thenar eminence and inwards up to the middle 
line of the planta, except that the outer edge of the patch is, in its more proximal part, directed 
towards the median line of the 3rd digit, and only over the distal end of the 3rd metatarsal bone 
curves outwards to the outer side of the cleft between 3rd and 4th toes, to run along the plantar 


aspect of the 4th, distinctly on the tibial side of the middle line of that digit. 
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In my experiments, the field of zsthesia persisting upon the fibular edge of the foot 


and extending to the end of the 5th digit, has each time been distinctly separable into a smaller 


part on the digit, and a larger on the lateral edge of the metatarsus. 
The distribution is more clearly understood by reference to the figures 9 (in text) and 10 


than by verbal description. It must be remembered, in comparing them with Man, that, as I 


have pointed out,* there is a communication between external plantar and external saphenous 
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of regular occurrence in acacus, of which I find no record, even as an exceptional variety, in 
Man. ‘The strip of overlap of the skin-fields of the external and internal plantar nerves is seen 


to be distinctly smaller than the overlap of skin between the VIth post-thoracic and the Vth 


and Vth post-thoracic nerve-roots, indeed trifling as compared with that. In position it does not 


lie in such a way as to suggest any commensuration at all between the two systems of overlap, 
In the hand of Macacus the mutual overlap of the ulnar and median were examined after 


section of the musculo-cutaneous and musculo-spiral and internal cutaneous trunks in the upper 


It is not generally recognized that in the Monkey (Macacus), as I showed in my 


* €Journ. of Physiol.’ vol. 13, 1892. 
‘Lumbo-sacral Plexus,’ the external saphenous nerve gives motor fibres to the short muscles of the foot, producing, when excited, 


interosseous flexion of all the digits, 
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arm. After the section of these nerves, the field of remaining zsthesia on the dorsum of the 
hand is that shown in fig. 12 by the dotted line along the middle of back of the hand and the 
dotted lines on the pollex and 2nd and 3rd digits. If the dorsal branch of the ulnar be then 
severed, the field of zsthesia is further reduced, and confined by the dotted lines on the annulus 
and minimus as on the three radial digits. On the palm, section of the median nerve in the fore- 
arm produces a patch of anzsthesia, the limits of which are shown in fig. 11 by the line ‘ulnar.’ 
Section of the ulnar trunk halfway down the forearm produces a patch of anesthesia with the 


limit marked by the line ‘median’ in the figure. 
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In harmony with the difference of overlap of territories of the palmar nerves and of their 
spinal roots, is the much greater overlapping of the contiguous borders of the Vth cranial and IInd 
cervical than of the territories of the individual divisions of the Vth cranial itself (see above, 
p. 62), a difference which was made use of in determining whether those divisions were of seg- 
mental quality, or, like other peripheral nerves, functional rather than morphological entities, 

It is then clear that in the hand, as in the foot of AZacacus, the extent of overlap of the 
skin-fields of the peripheral nerve-trunks, even on the exquisitely sensitive plantar and palmar 


surfaces, is much less than that of the cutaneous areas of the nerve-roots; it is, in fact, not so 
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great as may be the overlap of the fields of nerve-roots three segments distant one from another. 
If fig. 7, p. 98, be compared as in fig. 13 with fig. 11, p. 103, it will be seen that in the palm 
the region of triple overlap marked in the latter is greater than the medio-ulnar overlap in the 
former ; and similarly in the fingers, if we set aside the communication between ulnar and 
median in the forearm, which is of only exceptional occurrence in Man. It is also notable 


that the region of triple overlap, which is the central region of double overlap, strikes a line on 


Fic. 13 


Overlap of the skin-fields of median and ulnar nerve-trunks (1) compared with overlap of the 
skin-fields of the VIIth cervical and Ist thoracic segmental nerves (2). 


the palm which leads to and includes the medius digit, whereas the peripheral nerve-trunk overlap 
strikes a line leading to and taking in part of a different digit, namely, the annulus. This, again, 
points to there being no real correspondence between the two systems of overlap. 

The answer arrived at to the question set is, therefore, that where examined an overlap of 
the skin-fields of adjacent peripheral nerve-trunks has been found, but that it is very small as 
compared with the overlapping of the skin-fields of adjacent nerve-roots, and bears no significant 
topographical relation to the overlapping of the root-fields. On the other hand, I have shown 


10) 
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previously* that the overlap of distribution of the constituent fibres of each nerve-root itself is 
even greater than that of the overlapping of contiguous nerve-roots. 

Is the overlapping of the skin-fields of the spinal ganglia paralleled by overlapping of the 
muscular fields of the motor spinal roots? In the hind limb of Macacus I was able to confirm 
EcKHARDT’s conclusions as to the pluri-segmental innervation of the limb-muscles, although 
EcKHARDT’s observations had been confined to the hind limb of the frog. In the pelvic limb of 
Macacus 1 found but one muscle (tensor fascia femoris) with a nerve supply from a single spinal 
nerve-pair. “Ihe other muscles I found to possess a bi-segmental or tri-segmental nerve supply ; a 
fact since confirmed for the same limb in the case of Man by a research by Parerson.t In the 
upper limb I find similarly that the muscles are pluri-segmental, a greater number being tri- 
segmental in the upper limb of AZacacus than in the lower limb of that animal. The swbclavius 
muscle seems in some individuals, as I found also tensor fascie femoris and rectus capitis postici, to be 
uni-segmental, receiving its motor supply sometimes from the VIth cervical nerve alone: it is in 
so far the only muscle I find uni-segmental in the upper limb. As examples of bi-segmental 
muscles, I find the teres major and anconeus. The palmaris longus, the supinator brevis, the 
supinator longus, anconeus, and the extensor carpi ulnaris, may serve as types of tri-segmental 
muscles, and of quadri-segmental muscles the pronator quadratus, and flexor profundus digitorum 
(in some individuals). Muscles innervated from longer series still are the pectorales, and latissimus 
dorsi. On the other hand, in the intercostal spaces the intercostales externi and interni 
muscles appear, as far as I have yet examined them, to possess a strictly uni-segmental innervation, 
and somewhat similarly in the rectus abdominis, and in the sternalis these muscles have special 
zones for separate distribution of their motor roots. ‘The multi-segmental nature of the nerve- 
supply, in the case of the large muscles at the attached base of the limb (pelvic and shoulder 
muscles), does not necessarily imply much actual overlapping or commingling of the muscular 
territories of the motor roots. I pointed out{ that in the case of the lower limb there is much 
‘oreater overlapping and intermingling of the root districts in the muscles of the foot than 
in those of the thigh.” The same is the case in the arm: the intricacy of the commingling 
in the muscles of the hand is much greater than in those of the shoulder. In the muscles 
of the forearm and hand the manner in which the nerve-fibres of a spinal root are scattered 
through the small muscle-nerves, when examined by the degeneration method, gives a striking 
clue to the great commingling of the root territories in those organs. 

To the question asked at the opening of this paragraph it may therefore be replied that 
there is in the musculature of the limbs, and of certain, though not all of the trunk-musculature, 
an overlapping of motor-root territories quite comparable with that of the cutaneous sensory 
root-fields ; and the former, like the latter, attains at least as great a development as it attains 
anywhere in the distal ends of the limbs. 

What functional significance may be assigned to the overlapping? Mindful that the overlap 


is maximal in the hand, and that of the structures under consideration here the hand may be 


* ¢phil, Trans.,’ B, vol. 184, /oc. sit. + ‘Journ. of Anat. and Physiol, 1894, 1895. 
t ‘Lumbo-sacral Plexus.’ ‘ Journ, of Physiol., vol. 13, 1892. 
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considered supreme in sentiency of skin and nicety of action, it might be imagined that the 
pre-eminence of functional delicacy and of polymeric character of nerve-supply were determinate 
one of the other. That the two features may be correlated I should be the last to deny, but I 
fail to find proof of a casual nexus between them in the sense that one is result of the other. 
The overlap is as great in the skin of the back of the hand as it is in the palm, yet touch, as 
tested by localizing power, is far the greater in the latter. It is medius, not index, which possesses 
the triple nerve-root supply, though medius is less sentient than index. The skin of the concha 
is not in Macacus apparently at all specially sentient, yet its sensory innervation is in part as 
regards nerve-pairs a quadruple one. I am more inclined to connect the greater overlap in the 
hand and foot with degree of Lorzer’s ‘local sign,’ and with the fact indicated by the arrange- 
ment of the nerve-fields, that they lie approximately in the region of the lateral line of the 
animal as do the nipple and external auditory meatus, a line along which the amount of overlap 
seems to be great, perhaps as a heritage from old ancestral structure. 

Examined by the degeneration method a somewhat greater degree of overlapping of root- 


distribution to the muscles of the limb is evidenced than examination by stimulation reveals. 
The degeneration method by its results explains the cause of the discrepancy between the 


observations by the two methods. ‘The degeneration experiments show that in some muscles 
the number of motor nerve-fibres given by a spinal-root to a muscle is too small to evoke from 
the muscle any contraction at all obvious to inspection. Cases occur where a limb muscle 
receives one, two, three, four, or five motor-fibres from a particular root ; allow to each of these 
motor nerve-fibres a dozen muscle-fibres, it is easy to understand that sixty muscle-fibres scattered 
in a muscle consisting of many thousands may cause no perceptible tightening of the tendon ; 
they may simply stretch or compress adjoining inactive and elastic fibres. “The degeneration of 
these few fibres I regard as strong evidence of the morphological character of the overlap; the 
fewness of the fibres is one of the many facts which indicate that the distribution of the motor- 
roots is arranged on a segmental plan in accordance with the terms of a bequest dating back to a 
time when the present environment of the limb, especially in its Mammalian form, had no 
preponderant weight in the shaping thereof. As regards functional value, this character of the 
Mammalian limb is on a par with details of structure which are not specific, and, therefore, with 
other details of structure outside those immediately acquired by the species, not to be considered 
as of necessity of present functional importance. ‘The functional use of the contribution of one 
or two nerve-fibres to a muscle requiring hundreds is difficult to see ; the probability of the 
occurrence of such poverty-stricken contributions is, on the view of the morphological necessity 
of the ray-arrangement of the limb musculature, so high as to be only what might have been 
expected from theoretical considerations. The fact that certain of the motor roots of the limb 
contribute fibres to the innervation of certain muscles in such scanty number as to be ineffective 
for movement, is a further argument for the morphological rather than functional character of the 
motor-root distribution in the Mammalian limb. A number of motor-fibres, too small to evoke 
appreciable movement in a muscle when excited electrically, will hardly be effective for movement 


under the action of the will. 
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As to the relation between delicacy of co-ordination and number of nerve-roots contributing 
to motor innervation, one remembers that no muscles are more delicately adjustable than the 


ocular, although their individual innervation must be considered uni-segmentai. 


INpIvipUAL VARIATION 

A point that is very necessary to bear in mind in the discussion of generalizations 
obtainable from the above data remains to be insisted on before entering on that discussion. 
In the innervation of muscles and of skin-surface in regard to the nerve-root which supplies the 
innervation, a certain degree of latitude of individual variation occurs with quite remarkable 
frequency.* In the fore-limb as in the hind-limb, this is the case, and examples have been 
mentioned in Section II. In the experimental basis of this paper instances have been particularly 
numerous with the VIIth and VIth cervical nerve ; that may, however, be a fortuitous result. 
It would require a very large number of experiments to ascertain conclusively whether the 
peripheral distribution of those roots is more variable than that of the other brachial nerve-roots. 
I have already given evidencet that individual variation affects not one root alone, but a series of 
consecutive roots ; but it may, perhaps, reach its maximum at some one root of the series. 

Since writing my previous paper I have met in the skin-fields of the lower limb a 
particularly pronounced example of individual variation in the distribution of the IInd lumbar 
nerve of Macacus rhesus. In two Rhesus Monkeys I severed the dorsal (sensory) roots of the HIrd, 
IVth, Vth, VIth, VIIth, VIIIth, and [Xth post-thoracic nerves of the left side inside the vertebral 
canal. It is difficult in the region of the cauda equina to judge at the time of operation as to the 
exact segmental level of the nerve-roots exposed, and that has to remain, for the time being, a 
matter of doubt. When the operation wounds had well healed, the field of remaining anzsthesia 
was in each of the two Monkeys determined, not on one occasion only, but on many, indeed 
almost daily for some weeks. In the one animal (A), the anesthetic area did not extend up the 
front of the leg quite so high as to the patella, that is, the skin of the front of the thigh and over 
the patella (covering the patella) still retained sensation, distinct though impaired. In the other 
animal (B), the field of the anesthesia extended fully two-thirds up the front of the thigh; 
sensation was retained in a tongue-shaped field of skin covering Scarpa’s triangles, and lower down 
sensation was completely wanting. In (A) the skin between the anus and the tuberosity of the 
left ischium was anesthetic, although between the anus and root of the tail cutaneous sensation 
was distinctly present, though blunt. In (B) the skin lying between anus and left ischial 
tuber was for its half nearer to the anus distinctly sentient, as also above the anus between it and 
the root of the tail. From this I did not hesitate to conclude that in animal (A) the IVth post- 
thoracic root, but not the IIrd, had been included in the series severed ; and that in (B), that I[Ird 
post-thoracic had been severed as well as the IVth, and I thought (B) in all probability an 
individual with a pelvic plexus of markedly post-fixed type. I knew I had divided the same 
number of roots in the two individuals. The animals were kept after the operation wound was 


fully healed (10 days) for six weeks, and frequently compared ; no obvious alteration in the extent 


* Sherrington, ‘ The Lumbo-sacral Plexus.’ ‘ Journ. of Physiol.,’ vol. 13, 1892. + Ibid. 
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of the anesthesia was found to take place, although there were the usual small oscillations of 
briskness of reaction from day to day. The boundary remained stationary. On terminating the 
experiments and dissecting the two animals, it was found that, in reality, in both individuals the 
roots cut had been exactly the same. No spinal complication was detected to explain the 
difference, but in (A) the plexus was extremely prefixed, in (B), as I had expected, it was 


markedly post-fixed. 


In Monkey (A)— Post-thoracic roots. 
External cutaneous nerve was formed from ; . IInd, I]Ird, Vth. 
Anterior crural nerve was tormed from. : oe Lids LV ths Vth: 
Obturator nerve was formed from : ‘ . IIrd, 1Vth, Vth. 

In Monkey (B)— 

External cutaneous nerve was from : : IlIrd, IVth. 
Anterior crural nerve was from . ; ; : IVth, Vth. 
Odbturator nerve was from : : P . IVth, Vth, VIth, 


the contribution from VIth being a very small slip. 


The frequency and degree of this individual variation of root distribution must present 
serious difficuities in clinical determination of the segmental level of the spinal lesion ; the exact 
seat of a spinal lesion will, because of individual variation, it seems to me, always bafHe the 
clinician’s knowledge so long as he has only the segmental level of skin points and muscles to 
serve as guides. I have not met in the brachial limb with any instance of individual variation 
so extreme in degree as the just-mentioned example from the lower limb, Slight degrees of 
variation appear to me about as common in the brachial as in the lumbo-sacral region. I also 
find them in the upper neck muscles. Does the individual variation affect the spinal root supply 
of muscles as much as it influences that of skin? In the case of the lower limb of Monkey 
and Cat I have already pointed out that it does do so ; and the observations on the upper limb 
confirm the information obtained from the lower to the same effect. One and the same muscle, 
just as one and the same skin-point, is, in many individuals, distinctly differently innervated as 
regards relation to spinal segments, from its segmental innervation in other individuals. For 
example, the extensor carpi radialis brevior receives in some specimens of AZacacus rhesus motor 
nerve-fibres from the Vth cervical root ; in many specimens, on the contrary, it does not. The 
extensor longus pollicis in some individuals receives motor fibres from the VIth cervical root; in 
many it does not. ‘The extensor carpi radialis brevior in some individuals receives fibres from the 
VIllIth cervical root; in many it does not. And so on. 

Before leaving this subject I will add that one meets certain instances of bilateral 
asymmetry of segmental innervation. Occasionally I have seen the extreme form of post-fixed 
lumbo-sacral plexus of MZacacus, in which the [Xth post-thoracic root innervates the muscles of 
the foot, occur on one side of an individual and not upon the other; although usually, of course, 
bilateral. In the Cat I have altogether met with five individuals in which the IInd thoracic root 
contributed to the innervation of the palmar muscles upon one side and not upon the other ; and 


it is noteworthy that the post-fixed side was in some left, in some right. 
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In the light of the observations recorded here it is instructive to compare the general 
scheme of root distribution in the arm with that in the leg. As in the latter,* so in the former, 
the cutaneous spinal fields become distorted from the simple zonal figure obtaining in neck and 
trunk. In the limbs they are displaced, and in the fore-limb in a manner similar to that obtaining 
in the pelvic limb. In each limb the cutaneous spinal segments are dislocated. Instead of each 
being by one of its borders attached to the mid-dorsal line of the body, and by one of its borders 
to the mid-ventral line of the body, the fields are ranged along certain dorsal and ventral lines 
in the limb surface. It is as though into the base of the dorsal surface of the limb the mid-dorsal 
line of the body thrust a spike sidewise, a lateral branch set in a direction almost at right apgles to 
the long axis of the body itself, but corresponding with the long axis of the limb. On the ventral 
surface, similarly, the mid-ventral line of the body thrusts out a lateral branch. ‘These lateral 
branches are what I have termed the mid-dorsal and mid-ventral lines of the imb. I have brought 
forward evidence to prove that they are not merely hypothetical, nor even merely theoretical, but 
are existent, and govern skin-markingst to a certain extent. On these secondary dorsal and 
ventral lines the skin segments of the limb are ranged as though on folded pieces of the axial line 
of the trunk itself. 

The Mid-ventral Line of the Upper Limb. 

This line starts from the mid-ventral line of the body, at a point on the sternum opposite 
the lower border of the 3rd costal cartilage. It passes laterally outward and a little upward on 
the pectoral mass, passing about two finger-breadths above the nipple, 7.e., somewhat lower 
than midway between nipple and clavicle ; it sweeps out to the upper arm below the anterior edge 
of the deltoid, and runs down the prominence caused by the mass of the flexors of elbow. On 
that prominence it keeps near the inner edge of the biceps ; it enters the forearm upon the tendon 
of the biceps, and may be considered to terminate in the upper third of the forearm, at a point on 
the flexor aspect somewhat nearer the radial than the ulnar border. The fields arising from it in 
front are the [Vth, Vth, VIth, and VIIth cervical, and, in part, the VIIIth cervical. The fields 
arising from it behind are the IIIrd, IInd, and Ist thoracic, and, in part, the VIIIth cervical. The 
line, when the arm is out straight, runs about at right angles with vertebral column. In nipple line 


it lies just above 2rd costal cartilage, in the mid-lateral line it also lies over 2nd intercostal space. 


The Mid-dorsal Line of the Upper Limb. 

The dorsal line of the upper limb starts from the mid-dorsal line of the trunk, at a point 
opposite the root of the spinous process of the scapula, and just below the level of the head of the 
4th rib, It passes laterally, and reaches the vertebral border of the scapula at the root of the 
spinous process ; thence it slopes downward, crossing the infraspinous fossa just about midway 
between the scapular spina and the inferior angle of the scapula, and meets the posterior border of 
the deltoid eminence, but follows that only so far as to gain the eminence caused by the triceps 
muscle ; along the middle of the crest of this eminence it runs to the elbow, and it enters the 


forearm between the olecranon and the outer condyle close to the latter. It terminates in the 


* ¢ Phil. Trans.,’ B, vol. 184, 1892, /oc. cit. + Ibid. 
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upper half of the rorearm, on the extensor aspect behind the prominence of the radial extensors 
of the wrist, but somewhat nearer the radial than the ulnar border. 

The spinal nerve-fields arising from it in front are the [Vth, Vth, VIth, VIIth, and, in part, 
the VIIIth cervical, and from it behind arise the I[Ird, IInd, and Ist thoracic, and, in part, the 
VIIIth cervical. 

These great ventral and dorsal lines lie presumably along the centres of the primitive or 
true ventral and dorsal surfaces of the limb. As regards the primitive position of the forearm 
and hand, it is shown by the skin-fields of the spinal nerves to be that of supination. ‘The skin 
of the pollex is shown to be segmentally anterior to that of the middle finger, that of the middle 
finger to that of the minimus. In the skin of the chest, just above the nipple, it is evident there 
is a meeting-place of spinal nerve-fields, which, segmentally considered, lie wide apart; the IIrd 
thoracic there meets the [Vth cervical, or, in some individuals, the [Vth thoracic there meets the 
Vth cervical. Where are the intervening nerve-fields to be sought? In part in the muscular 
tissue lying beneath the skin in this region ; but as regards skin, they are to be found in the limb 
proper, and the midmost of the fields, 7.e., the VIIIth cervical, is placed almost entirely in the 
hand and forearm, that is, lies widely separated from the trunk, being confined to the apex of the 
limb. These lines of shed between anterior and posterior groups of skin-fields descend behind 
and in front of the shoulder along approximately the middle of the extensor and flexor aspects of 
the upper arm, and to a certain distance down the similar aspects of the forearm. In fore-limb, 
as in hind-limb, the skin of the anterior side of the limb is found to be segmentally rather more 
extensive than that of the posterior side, that is to say, those segments participate in it. In the 
musculature the preponderance of the segmental length of the anterior aspect over that of the 
posterior is still further marked. 

As in the hind-limb, so in the fore-limb, the quinquefid digital partition of the free end of 
the limb is (contra GoonsiR) no indication of the number of segments in the limb, or even in the 
free end of the limb, or even of the skin-fields or spinal nerve-fields in the free end of the limb. 
The number of spinal segments contributing to the limb is at least eight (apart from intrusions 
from the sympathetic) ; the number of segments in the free end of the limb, 7.e., hand, is four ; in 
the skin of the hand usually three, never five. 

As remarked above, these dorsal and ventral lines of the skin of the limb are not hypo- 
thetical. In proof of this I have shown that the skin markings of certain animals—Tiger, Zebra, 
Ass, &c.—reveal them and stand in obvious relation to them, ‘They have further considerable 
practical importance from the possibility that they, unlike other skin points, do not shift in 
segmental position with post-fixture and pre-fixture of the flexures. As far as my observations on 
this point go, they indicate that these dorsal and ventral lines remain steadfast, although with 
post-fixture and pre-fixture the skin-fields meeting at them are shifted. 

In comparing the segmental structure of the brachial limb with that of the pelvic limb, 
certain points of resemblance are salient. One of these is the curiously similar distribution of 
the VIIIth cervical and the VIth lumbar nerves in the two limbs. Each of these nerves supplies 


in its respective limb the skin of the whole of the tree apex of the limb (hand, foot), together 
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with one surface of the more proximal part of the limb (forearm, leg). Each also supplies with 
motor and afferent fibres, a complete band of muscular tissue extending throughout the whole 
length of the limb from the attached base to the free apex. Of each the proximal part of the 
sensory distribution is buried in the deep tissues, and nowhere reaches the cutaneous surface, 
whereas the distal part is distributed in the sensory nerves of the cutaneous as well as of the deep 
parts. 

Striking, too, is the likeness existing between the distribution of the IInd thoracic nerve 
and the VIIIth post-thoracic nerve as regards the limb. Each of these nerves supplies the 
muscles at the apex of the limb (¢.g., the intrinsic muscles of hand and of foot). Each supplies 
also an analogous area of the skin, widely sundered from its muscular field, namely, an area of 
skin on the posterior face of the proximal portion of the limb (é.e., the axillary extensor aspect of 
the upper arm as far down as a point close below the elbow; the skin over the flexor group of the 
thigh muscles to just below the knee). 

‘To my mind, any attempt to trace out homologies between the brachial and pelvic limbs 
must pay regard to the remarkable resemblances between the contributions given by the above 
pairs of segmental nerves. For this reason I cannot subscribe to the antitropic scheme of 
homology recently revived by Erster,* and worked out by him with such ingenuity and labour. 
In Etster’s scheme of homology the VIIIth cervical segment is the homologue of the IIIrd 
lumbar (of Man; the fourth post-thoracic of AZacacus); the IInd thoracic segment is then made 
to correspond with the Ist lumbar (of Man). I cannot but insist that the analogy—and, in my 
opinion, nothing more than analogy has as yet been available, or at least employed, in instituting 
comparison between the limbs—between VIIIth cervical and Vth lumbar (of Man; VIth lumbar 
of Macacus), and between the IInd thoracic and the IInd sacral is infinitely greater than between 
any of the segments that are coupled together as homologous in Etsier’s elaborate, careful, but 
to my mind untenable scheme of comparison. 

My observations are, I consider, altogether adverse to any antitropic scheme; they are 
more compatible with a syntropia of the limbs. “The composition of the anterior part of the 
brachial limb certainly resembles that of the anterior part of the pelvic limb more than it 
resembles the posterior part of that latter, in segmental structure both of muscles and skin. This 
greater resemblance is evident both in the number and step-like arrangement of segments, and in 
the mutual relation obtaining in each segment between the position of its muscular and its 
cutaneous portions. 

I must here, however, to avoid misapprehension, repeat my previously-expressed conviction, 
that it is altogether idle to look for exact homologies between the component parts of the brachial 
and pelvic limbs. ‘The ontogeny of the brachial limb 1s distinct from that of the pelvic limb. The 
correspondence between the two is similarity, not identity. A general, but not a particular, resemblance is 
to be expected between the segmental components of the two, t and that is all that has been found. 


More instructive than to attempt to construe identity out of approximate resemblance is to note 


* ‘Homologie der Extremitaten,’ Halle, 1895. 
{ Sherrington, ‘ Lumbo-sacral Plexus.’ ‘ Journ. of Physiol.,’ vol. 13, 1892. 
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the fact that broad similarity of requirement and use has, from broadly similar segmental material, 
evolved, at two places of the ventro-lateral aspect of the quadruped, two separate structures so curiously 
alike as are the brachial and the pelvic limbs. The details of this resemblance between the two 
appear to me absolutely insufficient criteria for establishing detailed homologies between their 
parts. 

Anatomists teach* that in the higher vertebrata, at an early period of the embryonic 
existence of the limbs, a rotation of the limb, as a whole, takes place at its place of junction with 
the trunk. This rotation, at the proximal end of the limb, is described as occurring in opposite 
directions in the fore and hind limbs respectively. The fore-limb is rotated from the shoulder 
through nearly a quarter of a circle, so that the convexity of the elbow, which should point 
dorsally, comes to point backwards, and the edge, called by Huxtey the post-axial (in reference to 
the axis of the limb itself), instead of being directed backward, is directed inward towards the 
middle line of the body. The pre-axial edge of the fore-limb is conversely turned laterally outward. 
At the same time the hind-limb is supposed to be rotated from the hip through go° forwards ; the 
knee, thereafter, instead of presenting its convexity dorsally, presents it toward the front, and the 
pre-axial border of the limb is, therefore, turned inward toward the ventral surface of the body, the 
post-axial edge laterally outward. The view of the position of the limbs of the Cat and Monkey, 
to which the observations in my own papers point, does not correspond with the above. ‘The 
analysis of the spinal nerve-root distribution, as insisted previously, shows the Monkey’s limbs to be 
built up exactly on the plan of a lateral fin. ‘The most definite pieces of surface to use as criteria 
to the topography of the limb are the mid-dorsal and mid-ventral lines above described. The pre- 
axial and post-axial borders of the limbs, which I have thought it clearer to speak of as anterior 
and posterior simply, are lost as borders where portions of the limbs become cylindrical, and this 
can be broadly said to have occurred in the upper arm, forearm, thigh, and leg of the Monkey ; 
they never existed as borders in the attached bases of the limbs where the sessile limb-bud is fused 
with the trunk. It is therefore only in the hand and foot that these borders persist as borders, 
and there they meet, so that the point where posterior border ends and anterior begins can only 
be approximately decided. According to the received view, the pre-axial border contains in the 
fore-limb the outer condyle and greater tuberosity of the humerus, in the hind-limb the inner 
condyle and the lesser trochanter of the femur. How far such deep-lying structures as two of 
the above can be parts of any ‘border’ of the limb is not to me clear; be that as it may, the 
nerve-supply of the limb, as now analyzed, shows that the above-named two points in the upper 
limb lie but little in front of the mid-dorsal line of the limb, and very greatly nearer to it than to 
the mid-ventral line of the limb, and can, for this reason, hardly be considered to lie in an anterior 
(pre-axial) surface of the limb, still less to constitute points in the pre-axial (anterior) border of 
the limb, Again, the two above-named points in the lower limb lie under the mid-ventral line 
of that limb, and are not parts of its pre-axial (anterior) surface, still less of its pre-axial (anterior) 


border. The point of the knee is by my evidence brought to belong to the anterior (pre-axial) 


* Cf. Flower and Gadow. ‘ Osteology of Mammalia,’ p, 361, &c. 
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surface of the limb, the point of the elbow to the posterior (post-axial) surtace of the limb. The 
dorsal line of the limb, along arm and thigh, lie dorsally in the adult Cat and Monkey, and have 
not become displaced to any notable extent either backwards or forwards; the ventral lines in 
both limbs similarly lie ventral in the adult. 

A torsion of the fore-limb about its own axis is traced by anatomists as having brought the 
distal end of the pre-axial border of that limb, during the pronate position of the fore-limb, into a 
position facing inwards. ‘This view is borne out by the observations in my work. But the 
nerve-analysis in the Monkey indicates a slight torsion in the more proximal part of both limbs, 
for the distal end of the mid-dorsal line of the fore-limb is turned a little backwards as well as 
dorsally when, in a fore-limb capable like the Monkey’s of supination at the wrist and elbow, the 
pollex is placed so as to correct the pronating torsion of the limb; and correspondingly, the mid- 
ventral line passes on the flexor side of the inner condyle, that is, looks a little forwards as well as 
ventral. In the hind-limb the proximal part of the limb also exhibits a little torsion, and in the 
opposite direction to that evidenced in the fore-limb. The distal end of the mid-ventral line is 
set a little backward, that of the mid-dorsal line a little forwards. But in both the limbs the 
amount of torsion thus indicated is quite small, and the indication is of slight twisting, not of any 
rotation of the limb as a whole. ‘The torsion accounts for the tongue-shaped extension from the 
posterior border of the successive spinal skin-fields in the brachial segments, shifting its position 
from—as followed along the limb—the point of the shoulder and the deltoid eminence to flexor 
aspect of the forearm, although assuredly the radial part of that. Conversely, in the lower limb 
the tongue from the hinder edge of the spinal skin-field in the upper crural segments occupies the 
middle of the groin, and in lower segments gradually comes to lie over the subcutaneous surface 
of the tibia, and finally includes the hallux. But this torsion altogether is very slight. 


The mode of distribution of the motor roots to the skeletal muscles (see accompanying 


‘Conspectus’) of the limb indicates that the limb is composed of a number of rays placed at 


right angles to the long axis of the body, and parallel with the long axis of the limb. The most 
posterior of these muscular rays are the longest ones, and the most anterior the shortest ones of 
the limb series. “he prominence of the limb from the body is of such a form that the anterior 
edge of the prominence is thrust out less abruptly from the side of the trunk than is the posterior. 
Into the anterior edge enter a number of rays; taking six to be the number of muscular rays in 
the fore-limb of AZacacus, into the segmental composition of its anterior edge there enter four out 
of the six. 

If by a ray be meant a band of muscular tissue extending lengthwise through the 
musculature of the limb, it is not difficult by the degeneration method to trace in the limb the 
rays of the Vth, VIth, VIIth, VIIIth and IXth spinal segments, and to see that of these the last 
two extend out even to the extreme free end of the limb. ‘The ray of the Xth segment is less 
easily traced throughout its extent continuously. The distal part of it is obvious enough in the 
intrinsic hand muscles ; it is also clear in that part of it stretching between elbow and wrist, tor 
there in Macacus it supplies the flexor muscles. But in AZacacus it is unrepresented in the 


musculature of the upper arm, and in the Cat and Deg it is generally absent from the 
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Conspectus of Nerve-root Supply of Brachial Muscles in a High Mammalian Species (Macacus) 
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musculature of the forearm also. Indeed in the Cat it is often absent from the musculature of 
the hand itself. In Man it appears, as in the Cat, to be sometimes wanting altogether from the 
musculature of the limb, although not unfrequently it undoubtedly does contribute to it, then 
probably, as in the other types, occurring chiefly in the hand and flexors of the forearm. It is 
clear that, broadly described, the musculature of the fore-limb is built up by successive 
contributions of segments, which reviewed in series passing from the segmentally anterior to the 
segmentally posterior, first extend stepwise down the deltoid scapular group, including in that the 
clavicular part of pectoralis major. ‘That the next step takes in the biceps and brachialis anticus 
and part of supinator longus, and the descent then follows down the radial side especially, until 
with the VIIIth cervical ray the whole length of the musculature of the limb is reached even to 
its extreme apex. The length of the limb thus having been attained, and occupied by 
successively longer and longer out-thrusts of four segments (just as I have described for the hind- 
limb), a number of other segments, usually two (Dog, AZacacus), thrust out each a process, which 
extends along the back of the process of the segment immediately anterior to it, and throughout 
the whole length of the limb. ‘These segments are so intimately fused in the hand region that it 
is dificult to pick out from the rest any one muscle which shows more of this or that constituent. 
But in the forearm and arm it is less difficult; thus, in the former, the extensor communis 
digitorum receives a root which does not contribute to either of the long flexores digitorum, and 
the latter often receive a root which never contributes to the long extensor digitorum ; in the arm 
triceps receives supply from two roots which never supply the biceps, the latter from one root 


which never supplies the triceps. 
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Conspectus of segmental range of spinal innervation of the skin and muscles covering and 
moved by and moving the joints of the upper limb. ‘The sensory innervation of the 
deep structures may be looked upon as similar (sce p. 94 supra) in segmental range to the 
motor innervation of the muscles. (See text, pp. 117, 118.) 
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The details of the composition of the musculature of the fore-limb of MJacacus by these six 
rays are given in the accompanying tabular statement. “The fore-limb of the Monkey, just as its 
hind-limb, proves when examined by the analysis of spinal root distribution, to be a lateral fin 
with a sloping anterior and an abrupt posterior border, and this fin is built up of six rays. 

With regard to HERRINGHAM’s generalizations* regarding the scheme of innervation of 
the musculature of the limb, my observations are in complete harmony with his rule, that : ‘Of 
two muscles, or of two parts of a muscle, that nearer the head end of the body tends to be 
supplied by the higher, that nearer the tail end by the lower nerve.’ ‘This is so: almost as a 
matter of course if the limb, as the theory asserts, is built up of lateral extensions of the segmental 
series of the body. And if, as I urge, the members of this segmental series, when taken from 
before backward, jut further and further from the median plane of the trunk, there follows as a 
corollary from the first rule that second rule which HERRINGHAM lays down, namely, that the 
musculature of the apex of the limb belongs to segments posterior to some of those in the attached 
base of the limb. Here it is that the curious fact comes in—that the most posterior segment 
which contributes to the limb musculature contributes in each limb to the extreme apex and to the 
extreme base, but not to the upper arm (or thigh), so that the hindermost muscular ray is one with 
a break in its middle portion. 

HERRINGHAM’s third rule runs: ‘ Of two muscles, that which is nearer the surface tends 
to be supplied by the higher, that which is further from it by the lower nerve.’ 

With this my results on the lower limb did not agree ; and I look upon my observations 
on the upper as confirming in this particular those upon the lower extremity. HERRINGHAM’s 
conception of the musculature of the limb is, I take it, that of a central core derived from lower 
segments overlaid by a peripheral sheet derived from higher. ‘The conception to which my own 
observations lead me is of a simpler kind—a series of fused, partially commingled, segmental 
muscular strata, placed one upon another in such a way that, to transfix them in true antero- 
posterior series, one would in the upper arm enter the front of the deltoid and emerge at the inner 
head of the triceps, or in the forearm pass obliquely from the extensors of the wrist near the radial 
border and out through the flexors near their ulnar border. “The muscles on the extensor aspect 
of the wrist tend to be supplied by roots segmentally anterior to those which supply the muscles 
of the flexor aspect ; and those near the radial border by roots segmentally anterior to those 
supplying muscles near the ulnar border. Hence the flexor profundus digitorum is segmentally 
posterior to the extensor communis digitorum, not because the former is deeper than the latter, 
but because the flexor aspect of the hand is posterior to the extensor aspect. I find the palmaris 
longus, superficial muscle as it is, and lying in the proximal region of the forearm as it does, is one 
of the most posterior muscles of the whole limb in segmental position; the flexor sublimis 
digitorum has in several observations seemed to me to contract more vigorously than the flexor 
profundus on excitation of the Ist thoracic, less vigorously than the flexor profundus on excitation 


of the VIIth cervical root. The fact that so deep-lying a muscle as the pronator quadratus gets 


—— 


* Proc, Roy. Soc.,’ vol. 41, pe 441, 1887. 
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the very posterior segmental nerve-supply recorded in my table, is probably explicable by its lying 
so distally in the forearm. A difficulty is, however, the superficial part of the intrinsic thumb 
muscles, which receives a, segmentally-considered, less posterior motor innervation than the deeper 
intrinsic thumb muscles. The anterior position of the thumb as compared with other digits may 
explain this, although the difficulty does appear to me considerable. In the leg, as I showed, 
the deep flexor of the toes is supplied by nerve-roots segmentally anterior to those supplying the 
soleus and gastrocnemius. The arrangement is not a different one in the two limbs ; I believe it 
to be essentially the same ; but it is more clearly expressed in the lower than in the upper ; it was 
with the upper only that the work of HERRINGHAM dealt, and it is in that I admit that the 
arrangement which I consider to hold good, to the exclusion of the one formulated by 
HERRINGHAM, is the less clearly to be traced. 

I have pointed out in a previous paper* that the spinal region of outflow of motor fibres is 
for the hip joint longer than for the knee-joint, for the knee-joint longer than for the ankle-joint. 
The segmental length of the region of outflow of motor fibres for a joint may be said, in the case 
of the hind limb, to be great in proportion as the joint lies proximal, less in proportion as the joint 
lies distal in the limb. Just as this rule is broadly true of the hind limb, so does it apply also to 
the fore-limb.t The outflow of motor fibres to the shoulder embraces six consecutive spinal 
nerve-roots, that to the elbow five, that to the wrist five, and that to the finger-joints four (if we 
omit the occasional supply from VIth to extensor metac. and flex. long. pollicis, and the small 
contribution from the same root to the extensor digitorum). But if each of the main movements 
of the joints be considered individually, it is seen that the region of representation in the spinal 
roots is at least as long in the case of the distal joints of the limb as it is in the proximal, and the 
long region of motor outflow in the case of the large proximal joints is seen to be due—as I have 
already pointed out for the lower limb—to the motor representation of the main movements of 
each joint being more separated (e.g., flexion more separated from extension) one from another in 
segmental position in the case of the proximal joints than in that of the distal. For example, for 
the movements of flexion and extension at elbow-joint, flexion efferents leave the cord from the 
5th, 6th, and 7th, and to a small extent also from the 8th segment ; extension efferents, on the 
other hand, from the 7th, 8th, and 6th, and to a small extent from the gth segment. ‘The 
movements at the finger joints are, on the contrary, segmentally situated as follows : when judged 
by motor outflow from cord ; flexion efferents from roth, gth, 8th, and to a less extent from 7th 
segments, extension efferents from 7th, 8th, gth, and to a less extent from 1oth segments, and still 
less from 6th segment. One might express the difference by saying that lengthwise along the 
cord the motor-nerve-cell groups for flexion and extension overlap each other very s/ight/y in the 
case of the proximal joints, but very /argely for the dista/ joints. In the case of the elbow, the 
extreme limits of overlap of flexion and extension motor-neuron groups embrace three spinal 
segments, but the overlap lies mainly in one segment, namely, VIIth cervical. In the case of the 


digits, the extreme limits of overlap of flexion and extension motor-nerve-cell groups embrace five 


* ‘Journ, of Physiol.” 1892, vol. 13, p. 748. t See the ‘ Conspectus,’ opposite p. 114. 
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spinal segments, and lies mainly in two segments, the 8th and gth. As result of this arrangement, 
antagonistic muscles are represented in one and the same root, most so when they lie at the distal 
end of the limb, less when they lie at the proximal end of the limb. Similarly, to the skin 
covering the hip a longer series of spinal roots contributes sensory fibres than contribute to the 
skin covering the knee, and still more so than contribute to the skin covering ankle and digits. 
In the upper limb, to the skin covering shoulder seven spinal ganglia contribute, to that 
covering elbow, six, to that covering wrist, four, to that covering fingers (excluding thumb), 
three. Here, again, as a glance at the adjoining tabular statement shows, the long supply 
at shoulder is rendered still longer if we include the sensory ganglia supplying its musculature, 
for then the gap in the middle of its skin series is filled up, and we get sensory nerve-fibres 
for muscles and skin of shoulder-joint supplied by as many as ten spinal ganglia, from 
the IIIrd cervical to the IVth thoracic, inclusive. But if the muscular afferent nerve- 
fibres for the fingers are included, together with the digital cutaneous, the digital series is 
only increased from three segments up to four segments. Both distributions indicate the same 
general rule. The segmental representation in the motor spinal roots and in the spinal ganglia of 
the opposite movements and of the opposite surfaces of limb-joints, is an overlapping one, and the 
overlap is greater for the distal joints of the limb than for the proximal. I look upon this 
arrangement as merely the physiological side of a morphological disposition, which latter has 


considerable ontogenetic significance. 


Observations on the movements of the limb obtained in the Monkey by excitation of the 
separate individual cervico-brachial motor roots have been made first by FERRIER and YEO,* later 
by Forcur and Lannecrace,t and by myself.{ For the purpose of the present investigation I 
have extended my own experiments to the upper cervical roots which the above-named workers 


did not include in their investigations. My results are given in the subjoined table :— 


Ist Cervical Root.—No movement of limb proper. Lateral adduction-flexion of the neck toward 


the side stimulated without rotation of the head. 


IInd Cervical Root.—No movement or the limb proper. Lateral adduction-flexion of the neck 
toward the side stimulated, with some retraction. Little or no rotation of the head, 


but the chin may be turned slightly toward opposite axilla. 


IIIrd Cervical Root—No movement of the limb proper. Lateral adduction-flexion of the neck 
toward the side stimulated, with marked retraction and a little turning of the neck, so 


that chin is thrust upward toward opposite side. 


[Vth Cervical Root.—Elevation of shoulder dragging it headward and toward the spinal column. 
Slight lateral adduction-flexion toward side stimulated, with marked retraction. 
When the shoulder is fixed the slight turning of the head toward the opposite side 


previously obtainable becomes more pronounced. 


* ©Proc, Roy. Soc.,’ 1881. + ‘Compt. Rendus,’ 1884. 
t ‘Proceedings Physiol. Soc.,’ Febr., 1892. ‘ Journ. of Physiol.,’ xiii, 1892. 
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Vth Cervical Root.—Elevation, abduction and some outward rotation of the shoulder ; flexion of 
elbow, the wrist becoming slightly supine ; slight radial abduction of wrist. Very 
slight lateral adduction-flexion of neck toward side simulated, with some (slight) 


retraction of neck and head. 


VIth Cervical Root-—Moderate adduction at shoulder ; strong flexion of elbow ; slight extension 
of digits and hand (not in every individual). Some supination of wrist, slight 
extension of wrist in most individuals, but in a few flexion and not extension of wrist. 
In one individual flexion of fingers was obtained from this root, but that may have 
been due to mechanical effect of extension of wrist, which if extreme in AZacacus 
partially flexes the fingers. Very slight lateral adduction-flexion of neck toward side 


stimulated, and slight retraction of neck and head. 


VIIth Cervical Root.—Retraction and strong adduction at shoulder, with some inward rotation of 
arm ; the arm is carried across the body. Extension of elbow ; slight flexion at wrist 
and some pronation ; slight flexion of the fingers. The shoulder is drawn down- 


wards. Slight retraction and lateral flexion of neck. 


VIIIth Cervical Root.—The shoulder drawn downwards (latissimus dorsi). “The adduction is not 
so extreme as in case of Root VII. Rotation inwards of arm ; flexion and pronation 


of wrist ; flexion of fingers, and of thumb with opposition. 


1Xth = Ist thoracic-—Retraction of shoulder ; slight lateral flexion and retraction of neck, Slight 
extension at elbow, flexion at wrist with pronation, flexion of fingers and thumb with 
opposition of the latter : there is usually a slight adduction of wrist toward ulnar side. 
Xth = Ind thoracic.—Retraction of shoulder, slight flexion of wrist, flexion of fingers and thumb 
with opposition of the latter ; sometimes slight pronation at wrist. Lateral curving 
of the spinal column. 
My results agree, therefore, with those of FERRIER and Ygro* more closely than with 
ForcuE and Lannecracet ; the latter omit the important IInd thoracic root altogether. 
I subjoin some observations on the effect on limb movement of the section of certain roots, 
the rest remaining intact :— 
Cynocephalus :—Total transverse division of spinal cord midway between the Vth and VIth cervical 
roots; the position was almost utmost flexion of both elbows, forearms three-quarter supine, fingers 
semiflexed, thumb slightly, and the elbows tilted rather forwards, the hands lying by their radial borders 


upon the mouth. ‘The elbows could be voluntarily still further flexed, but not further unflexed. (Fig. 
14 in text, p. 120.) 


Macaque :—All the left side brachial roots, except the VIth cervical, severed in the vertebral canal 
and allowed to degenerate. The left upper limb was held constantly flexed at elbow at angle of about 
100° ; it was never extended, but was frequently still more fully flexed ; the wrist was occasionally slightly 
extended ; the arm could not be lifted voluntarily above the head; the fingers seemed quite paralyzed ; 
food was pushed into the mouth with the back of the wrist. 


Two Macaques :—The Vth as well as the VIth roots had been left intact, all the other brachial 
roots having been severed. The elbow was held flexed, the wrist was usually extended ; the fingers were 


* ¢Proc, Roy. Soc.,’ 1833. ‘ Gazette Hebdomadaire des Sciences Médic, de Montpellier,’ 1883. 
Yi ? P > 3 
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flexed at the metacarpo-phalangeal joints; supination of the wrist and active flexion of the fingers were 
movements sometimes seen. 

Macaque :—A\ll brachial roots severed except Vth, VIth and VIIth. ‘The elbow was not held 
permanently flexed, but the fingers, except the thumb, were little used, although slight extension of the 
fingers was frequent as a willed movement. 

Macaque :—All brachial roots except the VIIth severed. ‘The elbow was kept permanently 
extended. 


Fic. 14 


\ 

Macaque :—The Vth and VIIIth roots of the left side alone intact, the rest having been severed. 
Elbow and wrist and fingers could be flexed and extended ; abduction of the wrist to the ulnar side was 
often noticed. The impairment of the limb was not very great ! 

Macaque :—The IInd thoracic root alone, of all brachial roots, left unsevered. The animal flexed 
its fingers voluntarily at times. 

Monkeys in which the Vth, VIth, VIIIth and Ist roots were singly in different individuals severed 
and allowed to degenerate, displayed no obvious impairment of the movements of the limb, either 
immediately after the operation nor when the operation wound had healed. 

From the foregoing, it is seen that by collating the combined movements obtained from 
each of the brachial series of roots, a sketch of the motor localization of the limb movements is 
indicated ; but the sketch is an zmperfect one. As to the topographical order of the groups of motor 
nerve-cells executing the simple movements of the limb-joints, the analysis of the muscular fields 
of the motor roots carried out in my degeneration experiments yields a fuller and more accurate 
view of spinal localization, considered in its fore-and-aft arrangement. ‘The information from 
the combined movements evoked by nerve-roots is complicated by algebraic summation of com- 


ponent antagonistic factors, which, as I have shown elsewhere, is not of physiological value. 


EXAMINATION 


OF SOME SPINAL NERVES 121 


Taken in longitudinal direction, the order of spinal localization of simple limb movements in the 


brachial enlargement of the Ape is :— 


protraction of shoulder. 


abduction of shoulder. 


outward rotation of shoulder. 


flexion of elbow. 


supination of forearm. 


adduction of shoulder. 


radial abduction of wrist. 


extension of wrist. 


inward rotation of shoulder. 


extension and abduction of thumb. 


extension of elbow. 


extension of fingers. 


flexion of wrist. 


retraction of shoulder. 


pronation of forearm. 


flexion of fingers. 


interosseous flexion of fingers. 


adduction and abduction of fingers. 


abduction of little finger. 


So much mutual overlapping of the spinal representation of the simple limb-movements is 


present, that the above list does not give a very intelligible picture of the real topographical 


relationships of these motor centres. 


These are better represented in the following scheme :— 
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The scheme represents, by horizontal lines, the longitudinal localization in the Ape’s brachial 
spinal segments of the motor nerve-cell groups for the simpler functional muscle-groups of the limb. 


. . xX X Va VT WT V lV 
Protraction of shoulder. .| 


Abduction of shoulder... Fe | 
Outward rotation of shoulder . ee | 
Flexion of elbow . . . . a = 
Supination of forearm... a 
Adduction of shoulder... = ae Ses a 
Radial abduction at wrist. . Pio 
Extension of wrist... . ee Pees | 
Inward rotation of shoulder. ee 


Extension of elbow 


Extension of fingers. . . bial 

PLCMIOIN OF TUFIStia ge cat Ride : 

Retraction of shoulder... Pee 

Pronation of forearm. . . EE ; 
ok wee a 


Flexion of fingers 


Interosseous flexion of fingers . 


Adduction of fingers. 


Abduction of fingers . .. ae ee 


Certain simple movements of the limb are not seen at all on the stimulation of individual 
motor roots: ¢.g.. in many monkeys no root gives extension of the pollex, and in some monkeys 
no root gives extension of the wrist, and I have met with an individual in which no root evoked 
extension of the fingers. In the Dog often no motor root dorsoflexes ankle or flexes the knee. 
In the Monkey, again, no root gives abduction of the pollex or little finger. If the muscles 
producing one movement at a certain joint predominate in one root, it does not follow those pro- 
ducing the opposite movement of the joint need predominate in another. Nor is the supposition 
borne out that muscles whose action predominates in one root always predominate in that root; 
thus, in the Cat, the VIth sub-thoracic root occasionally gives flexion of knee, though usually 
extension. In the Dog the VIIth sub-thoracic root generally produces extension of the knee, 
and generally spreading of the toes, but occasionally flexion of knee, and occasionally flexion of 
the toes. The VIth cervical root of (Zacacus usually produces extension of the wrist, but some- 
times flexion; the IInd thoracic of Macacus usually produces flexion of the wrist, but occasionally 


only flexion of the fingers and thumb. 


= 
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The fibres in the motor roots of the brachial region are, as I have pointed out also for 
those of the lumbo-sacral region, from their very origin commingled in such a way that any one 
root-filament contains motor fibres for a variety of muscles, and often for muscles not concerned 
with the same simple movement of the limb. Commingled in this way at their source, they, 
after entering the nerves of the plexus, become sorted out into proper groups destined for 
particular muscles; hence the possibility of carrying out such dissections as those of 
HERRINGHAM®* in spite of the difficulties on which W. Krauset has so much insisted, and 
indeed stated to be insuperable. But within the motor roots themselves the fibres are so com- 
mingled that it is impossible, in one and the same root, to obtain, for instance, a bundle of fibres 
in one part of the root which represents flexion of the wrist, and a bundle in another part of the 
root which represents extension of the wrist. 

It is clear that examination of the fore-limb does not, any more than did that of the hind- 
limb, support W. Krausr’s$ statement that the skin at the free end of the limb is innervated by 
the nerve-fibres which, among fibres for the limb, are the ones most segmentally posterior; that 
opinion is clearly no longer tenable. Krause, from his experiments and dissections on Lepus and 
Cynomolgus, also supported the ‘law’ of VANDERKOLK|| and Hirron,{ to wit, that a muscle is 
supplied with nerve-fibres by the same spinal nerve as innervates the skin overlying it. In this 
again KRrausE is as directly controverted by examination of the fore-limb as of the hind. Also, 
in speaking of the longest nerve-fibres, as those in the VIIIth cervical root, KrausE must be 


ignorant of the fact that the Ist and IInd thoracic roots send nerve fibres to the intrinsic muscles 
of the hand. 


SECTION IV.—SPINAL REFLEX ACTION 


The above examination of the peripheral distribution of the roots of the spinal nerves was 


undertaken as a ‘step preliminary to observations on the reflex functions of the spinal cord.’** 


Methods employed. 

For the purpose in view I found it essential to transect the cord; for the hind-limb region 
this was done sometimes at low levels, more usually above the Ist cervical root; almost 
exclusively at the latter situation in all experiments on the fore-limb region. In some experi- 
ments, as a control upon the spinal, transection was made at prepontine levels. It might have 
been thought that to examine spinal reflexes (e.g., those confined to spinal paths) chemical narcosis 
would have sufficed, the longer and encephalic paths being blocked earlier than the spinal. But 


as the experiments of MarsHatt Ha t,tt Bernsrein,{} and Cayrape$$ showed, the reflex 


* ‘Proceedings of the Royal Society,’ vol. 41, p. 440, 1887. ** ¢Phil. Trans.,’ B, vol. 184, 1893. (Section IV of this 
+ ‘Beitrage zur Anatomie der oberen Extremitat.’ Leipzig paper formed the matter of the Croonian Lecture 
u, Heidelberg, 1863. before the Society, April, 1897.) 
t ‘Phil. Trans.’ B, vol. 184, p. 641. tt ‘Synopsis of the Diastaltic Nervous System.’ London, 
§ ‘ Beitrage zur Anatomie der oberen Extremitat.’ Leipzig 1850. 
u. Heidelberg, 1863. tt Schmidt’s ‘ Jahrbiicher,” vol. 142, p. 227, and Mole- 
|| Froriep’s ‘Notizen,’ 3rd series, 4, 129, 1847. schott’s ‘ Untersuchungen,’ 10, p. 280. 
g ‘Rest and Pain.’ London, 1857. §§ ‘Recherches sur les Mouvements Réflexes,’ p. 48. Paris, 


1863. 
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activity of the isolated cord itself is soon depressed by anzsthetics; and an experiment in my 
former paper* illustrated the ease with which chloroform lowers even the tonic activity of the 
spinal nerve-cells. My plan has been, therefore, after transection of the cord, to somewhat relax 
the general anesthesia, and then to examine reflex action in the isolated portion of cord, all parts 
still connected with it having of course, ipso facto, become insentient, pace the unproven Ricken- 
marksseele.¥ In most cases the transection was made shortly prior to examination of the reflexes, 
but in some cases periods of recovery were allowed, extending at longest to six months. For 
excitation, mechanical, thermal, or faradic stimuli, usually approximately minimal, have been 
used, 

In many cases it was noted whether the limb-plexus belonged to the prefixed or postfixed 
class. ‘This it seemed necessary to do, as individual variation so frequently affects the relation 
between motor root and limb muscles (EckHaRD,{ Frog; Lanciey,§ Cat ; SHERRINGTON,]| 
Frog, Cat, and Monkey), and analogously disturbs the relation between skin and spinal ganglion 
(SHERRINGTON,@ Frog, Cat, Monkey). The range of segmental oscillation can allow ‘in the origin 
of a root-filament a sufficient displacement to remove it from the upper to the lower half of the same 
root, or from the lower half of one root to the upper half of the next below,’ or conversely. Progress 
with the inquiry into reflexes showed, however, that two factors largely reduce the importance of 
individual particularities of distribution of the nerve-roots in regard to reflexes. One of these factors 
lies in the rule which I have already laid down, that each root-filament, although its segmental 
level be displaced absolutely, yet is not displaced re/atively to its neighbours, ‘ the shift applying in 
the same sense to an extensive fore-and-aft series of filaments, and those of the dorsal and ventral 
roots tending to be similarly affected.” ** The other factor lies in the rule of ‘spatial monotony,’ 


to be discussed later. 


Reflex Movements Characteristic for the Individual Afferent Spinal Roots of Macacus. 

The initial step of the inquiry has been to determine for the several dorsal spinal (afferent) 
roots the particular spinal paths easy of access through them. I have attempted to carry this out by 
noting the limb movement most easily provoked by excitation of the proximal end of each on the 
spinal side of the root-ganglion. In the regions of which I chiefly treat the vast majority of the 
afferent fibres are, in GasKELL’s sense, somatic. Besides, there is evidence that between somatic 
afferents and splanchnic efferents a high intra-spinal resistance exists.tt I have, therefore, with few 
exceptions, disregarded sympathetic out-channels, believing the paths of least resistance, which 
were my object, would not lead greatly in their direction. 

The movements obtained by excitation (minimal, or not far removed from minimal) of 
the spinal ends of dorsal (afferent) roots have been as follows (AZacacus) :— 

XIVth Post-thoracic Root.—Tail lifted and generally abducted, very often toward the opposite 


side ; no movement of arms or of limb. 


* © Journ. of Physiol.,’ vol. 13, p. 671. || ‘ Journ. of Physiol.,’ vol. 13, p. 621, 1892. 


+ Pfliiger, ‘ Die Sensorischen Functionen des Ruckenmarks.’ g ‘ Phil. Trans.’ B, vol. 184, 1893. 
Berlin, 1353. ¥« ‘Journ. of Physiol., vol. 13, 1892. 
} ‘ Zeits. f. rat. Med.’ vol. 7, p. 306, 1849. tt Sherrington, ‘Journ. of Physiol.,’ vol. 13, 1892, p. 732. 


§ ‘Journ, of Physiol.,’ vol. 12, p. 366, 1891. 
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X[lth Post-thoracic Root.—Tail lifted and generally abducted, very often toward opposite side ; 
no movement of arms or of limb. 

XIIth Post-thoracic Root.—Tail abducted, very often toward opposite side ; no movement of arms 
or of limb. . 

XIth Post-thoracic Root.—Tail abducted, very often toward opposite side ; no movement of arms 
or of limb. 

Xth Post-thoracic Root.—Tail abducted, often to opposite side; protrusion of anus; no 
movement in the limb proper. 

[Xth Post-thoracic Root.—T ail abducted, less commonly to the opposite side ; protrusion of anus ; 
flexion of hallux, less frequently of other digits as well. It makes no difference to 
this movement whether the plexus be post-fixed or not. 

VIlIth Post-thoracic Root.—Tail abducted to same side; protrusion of anus. The anal 
movement obtained from this and the two preceding roots is almost always protrusion, 
and rarely shows more than a trace of unilaterality, so that here again must occur a 
cross-path of low resistance athwart the median plane of the cord. 

Flexion and adduction of hallux and flexion of other digits ; slight flexion of knee 
(contraction of hamstring) ; slight plantar flexion of ankle (in one experiment this 
was bilateral, but more vigorous on the same side than on the crossed). When all 
the reflexes have been abolished by pushing the chloroform, the hallux reflex is 
usually the earliest to return. 

VIlIth Post-thoracic Root——7Tail abducted to same side ; flexion of knee ; flexion of hallux and 
digits, especially of hallux and 2nd toe ; dorso-flexion of ankle (very rarely plantar 
flexion). When the filaments of this large root are separated into three sets, made up 
respectively of the anterior, middle, and posterior groups, no distinct difference between 
the replies obtained from each of the three is observable ; crossed plantar flexion 
of ankle. 

VIth Post-thoracic Root.—Tail abducted to same side ; flexion of knee, flexion of hip with some 
internal rotation ; flexion of hallux and of other digits; less easily dorso-flexion of 
ankle with tilting up of the outer edge of the foot ; adduction of thigh, easily obtain- 
able as a crossed reflex. 

Vth Post-thoracic Root.—Flexion of hip; flexion of knee (the inner hamstrings and the gracilis, 
perhaps, seem particularly active) ; flexion of hallux, loss of toes ; slight dorso-flexion 
of ankle at times; adduction of hip as a crossed effect; movement of tail—not 
always. 

IVth Post-thoracic Root.—Curving of body so that hind-limbs point toward side stimulated ; 
flexion of hip; flexion of knee; flexion of hallux occasionally, and still less frequently 
accompanied by flexion of digits; quite rarely slight dorso-flexion of ankle; adduction 
of hip occasionally with crossed adduction. 

IlIrd Post-thoracic Root.—Curving of body toward side stimulated, as above, but more so; flexion 
of hip, rarely flexion of knee; occasionally flexion of hallux and occasionally of other 


digits as well ; drawing up of cremaster. 
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IInd Post-thoracic Root.—Curving of body, as above ; flexion of hip; drawing up of cremaster ; 
very occasionally flexion of hallux. 

Ist Post-thoracic Root.—Muscles of flank contract ; some retraction of abdominal wall low down; 
flexion of hip. 

X1Ith Thoracic Root.—Muscles of flank and abdomen contract; flexion of hip, but not regularly 
or in all individuals. 

XIth Thoracic Root.—Muscles of flank and abdomen, and intercostal space, with stimuli of 
moderate strength, never any movement in limb in any experiment. 

VIIth Thoracic Root.—Muscles of back and side of chest ; some of superficial more readily 
than the intercostals. The intercostals most readily caused to contract are those of 
the 7th and 8th spaces, and after them in 6th space. It is almost impossible to evoke 
contraction in the crossed intercostals ; no movement in limbs. 

Vth Thoracic Root.—Muscles of back and side of chest, intercostal spaces chiefly involved are 
of 5th and 6th spaces; no movement in limb except occasional retraction of shoulder. 

IVth Thoracic Root.—Retraction of shoulder ; dilatation of pupil confined, or almost so, to the 
eye on the side stimulated ; occasionally contraction of part of triceps. 

IlIrd Thoracic Root.—Retraction of shoulder ; contraction in part of triceps occasionally well 
marked ; occasionally flexion and adduction of thumb, with less commonly slight 
flexion of other digits ; dilatation of same side pupil. 

IInd Thoracic Root.—Movement in shoulder ; slight flexion of thumb and digits ; sometimes 
contraction in part of triceps. [Dilatation of pupil of same side.—July, 1897, C.S.S.] 

Ist Thoracic Root.—Movement of shoulder, certainly retraction sometimes, with contraction in 
part of triceps; adduction and flexion of thumb and flexion of other digits; extension 
of elbow, sometimes flexion of elbow ; less easily slight flexion, and some pronation, 
of the wrist. “This root on being examined in three (anterior, middle, and posterior) 
sets of filaments elicited the same replies from each of the sets, except that flexion of 
the elbow was less unfrequent from the anterior than from the posterior. 

VIIIth Cervical Root.—Adduction and flexion of thumb, flexion of other digits, flexion, more 
often extension, of wrist, sometimes with drawing to ulnar side; drawing in and down 
of shoulder, retraction of upper arm, with occasional contraction in part of triceps 
going from humerus to scapula. At elbow rarely extension, sometimes flexion ; 
during the former movement the triceps was seen to act, during the latter movement 
the supinator longus, but the biceps very little. When the examination was con- 
ducted on the root in three divisions, extension and triceps action were less common 
from the anterior than from the posterior, supinator longus action and flexion more 
common from the anterior than from the posterior. 

VIlth Cervical Root.—Adduction and flexion of thumb and flexion of other digits; flexion of 
elbow, retraction of shoulder. By examination of this root in three sets of filaments, 
the reply obtained from the lowest was frequently flexion of digits, followed by 


flexion of elbow, while reply from anterior set was frequently flexion of elbow 
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followed by flexion of digits. Extension of elbow replacing the more usual flexion of 
elbow is very unusual from this root. 

VIth Cervical Root.—Flexion of elbow ; adduction and flexion of thumb, less frequently with 
flexion of the other digits ; drawing back of shoulder, but less marked. 

Vth Cervical Root.—Flexion of elbow ; movement of shoulder, sometimes retraction, sometimes 
a drawing up; adduction and flexion of thumb, less frequently of other digits as well. 
Retraction of shoulder, when it occurs, is not so well marked as at lower root ; it is 
sometimes a simple adduction toward spinal column. 

IVth Cervical Root.—Retraction of shoulder, or else protraction and lifting of shoulder ; flexion 
of elbow ; not invariable, occasionally flexion and adduction of thumb with or with- 
out flexion of other digits; lateral flexion of neck. 

IIIrd Cervical Root.—Elevation of shoulder; drawing down of same side of head; flexion of 
elbow feeble and occasional. The flexion of elbow from this and preceding roots 
was always, in great measure, supinator longus action. “Twisting of head and neck to 
opposite side. 

IInd Cervical Root.—Drawing up of shoulder, down of head on same side ; turning of chin 
toward opposite shoulder with neck. Neither in this root nor in preceding did 
moderate stimuli evoke contraction in the muscles of the hyoid region. 

Vth Cranial Nerve.—Opening of mouth ; turning of chin toward opposite shoulder ; wrinkling 
of muzzle ; conjunctival reflex. 

The above results possess points of interest, but it must not be forgotten the value of a 
reflex obtained by exciting the afferent spinal root, or one of its filaments, is but slight as regards 
the light thrown by it on the normal working of the spinal cord. It is only truly estimated 
when it is remembered that the Mammalian spinal root is not a functional combination but a 
morphological one.* To stimulate the whole of one single afferent root by itself is to do what 
in Nature never normally occurs. So also to stimulate one continuous half or fourth of such 
a root, is to do what is never done naturally. The end of a penholder pressed upon the skin 
anywhere—at least, anywhere on the limbs—excites contemporaneously single nerve fibres 
scattered through two consecutive (in many cases three consecutive) spinal afferent roots. 
Experiments on the roots are suitable at the commencement of an investigation of the spinal 
reflex action, because the roots, more readily than the peripheral nerves, provoke reflexes (vide 
infra), and the experiments are, therefore, easier to perform ; but they are less valuable in their 
physiological results, because the accompanying conditions are less known and less controlled. 
The root reflexes, to be of use for the understanding of the working of the cord, must be 
considered in collation with peripheral nerve reflexes and with skin-spot reflexes. For that reason 


I shall not consider them alone here, but later with the other reflexes obtained. 


Spinal Shock. 


Here it is necessary not to forget the possibility—indeed, certainty—that by cutting out 


* Sherrington, ‘ Journ, of Physiol.’ vol. 13, 1892. 
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long neural paths either by spinal transection or by certain depths of chemical anzsthetization, the 
various intra-spinal paths and resistances are not merely altered, but altered unequally. It is 
imperative, therefore, here to consider the phenomenon of ‘shock’; I do so the more willingly, 
because this condition has, as I think, received as yet hardly adequate attention from physiologists. 

‘Shock,’ like ‘ collapse,’ is a term more used by the clinician than by the physiologist ; the 
scope of both words is usually left ill-defined. In some forms of the clinical condition circulatory 
disturbance and inspissation of the blood play a part in ‘shock,’ but as understood by the 
physiologist, ‘shock’ is primarily a nervous condition. ‘If in a Frog the spinal marrow be 
divided just below the occiput, there are for a very short time no diastaltic actions in the 
extremities. The diastaltic actions speedily return. ‘This phenomenon is “shock.”’* In this, 
as in previous papers, I myself mean by the term the whole of that depression or suppression of nervous 
reaction which ensues forthwith upon a mechanical injury of same part of the nervous: system, and is of 
temporary nature. “Che best explicit account of the condition is contained in the papers of Gotz. 
By him temporary paralysis following injuries of the brain or cord are all classed as Hemmung- 
serscheinungen, and these collectively may be considered to compose the phenomenon of ‘shock.’ 
Gorrz’st descriptions of spinal shock are masterly, but they refer entirely to the Dog, and to 
transection below the middle of the back. As it is in the Monkey that the phenomenon appears 
at maximum, and especially consequently to high cervical transection, I shall give a description of 
it as so seen. No more remarkable nervous condition can be imagined. 

Whether the position of the severance be near the top or at the bottom of the thoracic 
region makes some, but no very great, difference to the general result, beyond of course increasing 
or reducing the xumber of spinal segments displaying the phenomenon. ‘The ‘ shock’ appears to 
take effect in a downward direction only. ‘Thus section below the brachial enlargement does not 
obviously disturb in any way the reactions of the upper limb and this although we know by 
anatomy (Wallerian method) that the number of upward channels ruptured by such a section is 
enormous, and must think, therefore, that many co-ordinating ties between the upper and lower 
limbs are destroyed. Again, most striking instances of the absence of upward spread of the 
depression due to ‘shock’ are afforded by transections abutting on the lower edge of the 5th 
cervical segment ; these depress the respiratory activity of the phrenic motor neurons hardly at all 
even momentarily (Cat). The rhythmic action of the motor neurons (for the diaphragm) is not 
obviously interfered with, although on the lower side of the transection depression may be profound. 
Analogously, the sudden cutting off of that stream of subconscious centripetal impulses which 
must be continually pouring to the brain from tail, lower limbs, and trunk, seems to disturb the 
head and brain not at all. The animal immediately after the section will direct its attention to 
catching flies, or looking out of the window, taking no notice of nor apparent interest in its 
paralyzed and insensitive parts. After section of the cord above the rst cervical pair there is no 
obvious disturbance in the head ; as the creatures lie quiet and watchful, the only and dubious sign 
of abnormality is a tendency to drop off rapidly and frequently into sleep. “The pupils are equal 


and, of course, small, 


* Marshall Hall, ‘ Synopsis of the Diastaltic Nervous System,’ London, 1850. 
+ Pfliiger’s ‘ Archiv.,’ vol. 8, 460. ‘ Die Functionen des Lenden-markes des Hundes.’ 
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If after transection above the Ist cervical level in the Cat, sufficient time be allowed for the 
first effects of shock to pass away, the condition of the reflexes in the limbs, both fore and hind, be 
examined, and if then the cord be a second time transected, and this time at the 6th thoracic 
level, the second section produces a shock effect, but only on the aboral side of it. In the lower 
limb the skin reflexes, which may have been numerous and of sustained discharge, become few 
and brief, eg., at the ankle, instead of an alternating discharge of dorsal and plantar flexors, the 
idio-lateral reflex may be reduced to a simple dorsal flexion. In the fore-limbs, on the contrary, 
exaltation has occurred : the skin reflexes are more numerous and more sustained. “The crossed 
reflex (in my experience rarely obtained) from one fore-limb to the other, may become elicitable, 
although not so previously. Similarly in front of the top section signs of exaltation are present. 
The surface seems hyperexsthetic ; a single touch with a piece of paper on the snout elicits 
vigorous licking of the spot touched ; the mere approach of a hot-water can (used to keep the 
animal warm) evokes screwing up of the eyes and of the mouth ; salivation is profuse, as a rule ; 
a touch on the vibrisse evokes exaggerated facial movement ; I have seen photophobia. 

The downward, posterior, aboral direction in which shock takes effect is, although the 
opposite of the direction of the vast majority of the fibres of the great afferent column of the cord, 
the same as that of easiest spread, both of the short and long paths that are intraspinal in the sense 
of confined in their course to the limits of the cord itself. “Che ground for this, which is contrary 
to the ‘law’ of PFLUcER, will be given on a later page. It will be seen that PFLUGER’s ‘laws’ 
must be modified in various particulars (see below pp. 170-175). 

After transection at the top of the cord there appears to be more shock in the fore than in 
the hind limbs. Long path reflexes are less able to evoke movement from the fore-limbs than 
from the hind, ¢.g., stimulation of pinna of ear more easily evokes movement of foot than of hand. 
Also the reflex movements obtained from each limb by excitations incident on itself are 
movements less forcible than those elicitable from the hind-limb. Occasionally, stimuli applied to 
the fore-limb evoke no movement in itself, though a brisk movement in the fellow hind-limb. 
The reflexes obtained under these conditions from the fore-limb, especially of flexion of elbow, 
tend to be tonic rather than clonic, whereas clonic contractions are the rule in the hind-limb, but 
this may depend on something other than depression. ‘The depression of reflex activity after high 
cervical transverse section might be supposed to be due to the fall in general arterial blood-pressure 
which must ensue. That this cannot be the chief part of the explanation of this shock is clear 
from the above considerations : (1) that the head does not participate in the ‘shock,’ although 
participating in the lowered blood-pressure ; and (2) that when the transection is in lower dorsal 
region, the ‘shock’ distal to the sections is about as severe as after cervical transection. Besides, 
OwsJANNIKOW* pointed out that section of the splanchnics and its accompanying fall of blood 
does not cause shock, and that excitation of the peripheral ends of the cut splanchnics and the 


production of a good arterial pressure does not set it aside. 


* Ludwig’s ‘ Arbeiten,’ 1874, p. 314. 
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Paraplegia from Spinal Transection in the Ape. 

In the Monkey in some instances three-quarters of an hour or so after transection below 
the region of the brachial enlargement, a status supervenes in which with cold hands and ears the 
animal lies down listless, and perhaps unconscious, with respiratory movements of the CHEYNE- 
STOKEs type. ‘This state may persist twelve hours or so, and end either in gradual recovery or 
death. In most Monkeys this condition does not occur. I have never met it consequent to 
similar operations in the Cat or Dog. It has nothing to do with the surgical progress of the 
wound, which is trifling in extent, and heals readily. It is usual for the rectal temperature to fall 
a degree or more immediately after section of the cord in the thoracic region. 

As regards the nervous reactions elicitable from the isolated length of cord, for about 
twenty minutes after the performance of the severance, neither by mechanical, thermal, nor 
electrical excitation of the skin innervated from below the point of severance, can any reflex 
movement at all be elicited. “The one exception to this is occasionally the so-called crossed 
knee-jerk, which, unlike the direct knee-jerk, is—to judge by the length of its reaction time 
(BurcKHARDT)*—a true reflex. It may appear strange that a ‘crossed reflex’ should be thus 
early among the reflexes to appear. I find on examination that the reflex is not in reality a 
‘crossed reflex,’ a statement which is amplified below, p. 165. After the brief interval certain 
skin-reflexes begin to appear ; almost always earliest is adduction-flexion of the hallux, elicitable 
by stimuli applied to the 3rd, 4th, or 5th digits (plantar surface or sides), or to the skin of the 
sole, especially of the fibular side. The movement obtained from the hallux is often tremulent. 
Similarly, after section above the brachial enlargement, the earliest skin-reflex to appear is usually 
flexion and adduction of the thumb on stimulation of the palmar surface, or sides of the little 4th 
or 3rd fingers, or of the palm, especially in its ulnar part. A little later, or equally soon in some 
instances, appears feeble movement (generally protrusion) of the anus in response to stimulation in 
the perineal region ; also feeble abduction of the tail in response to stimulation in the perineal 
region, or of the ventral surface of the tail itself; also, further, movement (usually flexion, 
sometimes extension, sometimes abduction, especially of index) of the digits, in accompaniment to 
that of the hallux (or pollex) on excitation of the plantar (or palmar) surface, generally excluding, 
however, the skin of the hallux (or pollex) itself). 

Usually somewhat later, a slight contraction of the hamstring or gracilis muscles—at first 
often of the inner hamstrings only—becomes elicitable by severe excitation of the sole, and 
generally of no other region than the sole. All this time the limbs hang limp and flaccid, 
without any sign of spasm, except not infrequently fine feeble irregular twitching of the hallux 
(or pollex), sometimes of the other digits as well. The foot is warm. In these experiments, 
when reflexes were to be evoked from the skin, care should be always taken to maintain the 
temperature of the skin. As to the knee-jerk, this phenomenon, not truly reflex, yet intimately 
dependent on the reflex tonus of the crureus and vastus internus, in many instances is elicitable for 


a few seconds immediately following the severance of the cord, but then disappears, to reappear 


x Gottlieb Burckhardt, ‘Uber Sehnenreflexe,’ “ Festschrift dem Andenken an Alb. v. Haller dargebracht.” Bern, 
1877, PP 4-37 
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only in the course of days or even weeks.* In some Monkeys, however, as in the Cat and Dog, 
the knee-jerks are not even temporarily abolished by the section. I have seen them maintained 
both after section as high as the Ist cervical segment and as low as the Ist post-thoracic segment. 

The reflex reactions may remain in the just-described condition of paucity and depression 
for many hours and for many days; in this a striking and significant contrast exists between the 
Monkey on one hand, and the Cat and Dog upon the other. The sphincter ani, however, 
possesses some tone, and is not relaxed. There is no marked trouble with defecation ; but, after 
section at a low level, I have seen retention and dribbling overflow of urine, and the bladder may 
have to be evacuated by a catheter. In the course of time the action of the bladder, if lost at 
first, is regained, and further reflex movements usually become obtainable. A drawing up of the 
legs by the flexors of the hip and knee can generally be best evoked by pressing the foot or 
applying a cold sponge to the sole. A feeble wag of the tail can be obtained by pinching it. 
Flexion and adduction of the hallux become elicitable from a much wider area than formerly, 
from the whole foot, from the inside of the thigh and from the end of the penis. “The move- 
ment of hallux is usually associated with flexion of the other digits, also curiously often with 
extension of the other digits, an interesting movement which I have frequently obtained by 
excitation of the appropriate region of the cortex. “The ‘cremaster’ reflexes can be obtained. 

In one young 4, sinicus on the 14th day after the section a bilateral reflex appeared, and 
remained regularly elicitable for four months; on pinching the prepuce, both great toes were 
strongly flexed and adducted, both knees were slightly extended, and at the same time, by 
apparently a slight action of the flexors of the hips, thrust forward; the smaller digits were 
generally slightly flexed together with the hallux. I have seen a similar reflex from one other 
male, but only from one. I have never seen it in the female, the nearest approach being flexion 
of the hallux as an accompaniment of depression of the tail and protrusion of the anus in 
response to stimulation of the skin near the ventral commisure of the vagina. In the Cat I have 
seen bilateral movement (sometimes extension, sometimes flexion) of the ankles in response to 
irritation of the labium. 

Abduction of the tail from its median symmetrical position is easily obtained, generally 
from a large area including the perinium, back of sacrum, back of thigh, and even the soles of the 
feet. “The abduction is not unfrequently in a direction away from the side stimulated ; that is to 
say, crossed reflexes are not uncommon ; this often happens in the sense that, after excitation of 
the left side of the perineum has evoked abduction of the tail toward the left, excitation of the 
right side of the perineum evokes similarly abduction toward the left. Sometimes the crossed 
movement is elicitable without any previous ‘ bahnung.’ 

As time goes on, the ‘drawing-up’ movement of the limb can be obtained from a larger 
area than at first ; the calf, the outer side and back of the thigh, the skin lateral to the callosity 
and of the gluteal region near the root of the tail, not however as far inward as the median line, 


all yield it. ‘Che flexion of knee is not always carried out by the same muscles, thus, the 


* Sherrington, ‘Journ, of Physiol.,’ vol. 13, pp. 666-672. 
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inner hamstrings and often the gracilis seem to play a predominant part when the skin stimulated 
is of foot or leg, the outer hamstring when the middle or back of thigh. I have seen flexion of 
the knees with abduction of the thighs result from stimulation of the entrance to the vagina. 
Depression of the tail is elicitable from the skin above the ischial callosity. Defacation can be 
sometimes induced by stimulation of the anal opening ; it is accompanied by elevation of the tail 
and to and fro and side to side movement of it. A curving downward of the end of the tail is 
obtainable as an isolated movement from the skin of the ventral surface of the tail distal to the 
root. Protrusion of the anus is elicitable from a large field, 7.c., from the perineum around the 
anus and along the side of the vaginal orifice, also from over the back of the sacrum up to, but 
not beyond, the position of my dorsal line* of the limb, and from the extreme top of the inner 
aspect of the thigh, near the raphe and beside the pubic fold. There and along its lateral border, 
this anal reflex field overlaps the reflex field of the hallux. 

Flexion of the hip, apparently unaccompanied by flexion of the knee, comes to be elicit- 
able from the femoral triangle, and, broadly speaking, from the whole front of the thigh ; not 
infrequently associated with this flexion of the hip is adduction, and also adduction with slight 
extension of the opposite knee. 

From the tibial side of the sole and hallux inversion of the foot, never, perhaps, as an 
isolated movement, generally associated to flexion of hallux with movement of the other digits, 
may be elicitable. From the fibular side of the sole, and from the small digits, eversion of the 
foot, never as an isolated movement, but generally associated to digital movement. Similarly, in 
the forearm, excitation of the skin of the little finger sometimes elicits some pronation with the 
flexion of elbow, while from the thumb some supination with the flexion of elbow is usual. 
Primary dorsal, more often than primary plantar flexion of ankle accompanies flexion of knee. 
Flexion of hip, more often than extension of hip, goes with flexion of knee. Extension of knee 
is a movement of such rare occurrence as to be, as a local homonymous reflex,t hardly seen in 
most Cats and Monkeys in my experience. Adduction of the hip is much less uncommon, and 
among crossed reflexes is common; in one animal it was regularly elicitable without other move- 
ment, or with slight extension of knee, as a crossed reflex from the skin near the raphe and 
pubic fold. It is not unfrequent to find that from some part of the sole can be evoked flexion of 
the small digits even when from most of the sole extension of them (at the metatarso-phalangeal 
joints) is elicited ; generally the area for flexion lies on the fibular side of the sole. 

The above stated degree and multiformity of reflex action having been attained, feeble 
and poverty-stricken as it is, I have never seen any further progress made. ‘The longest periods 
through which I have maintained individual experiment have been six months and five months 
respectively. Not a little surprising is it to find that the movement which, on account of its being 
the most easily evoked and the one evoked alone when depression of reflex activity is great, may 
be called the primary spinal reflex of the limb, is the very movement which has been often urged 


to be par excellence the most eminently cortical one, namely flexion adduction of hallux. I have 


* See above, Section III. tT i.e. a reflex elicitéd by excitation of the limb itself. 
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previously drawn attention to this significant fact.* Similarly in the fore limb, flexion-adduction 
of thumb, though often instanced as an action of peculiarly cortical nature, is really the most 
frequent and facile pure spinal reflex of the upper extremity. Its large and predominant repre- 
sentation in the cortext is concomitant with, rather than in contrast against, a large and 
predominant representation in the spinal cord. So also in the wry-neck reflex obtainable from 
Vth cranial nerve, and especially from IInd and [Ird cervical roots, the movement, a turning of 
the chin and neck (with some lateral rotation of the head) away from the side of excitation, we 
have another example of a movement preponderantly represented in wide regions of the cortext 
(FERRIER, from frontal cortex ; SCHAFER, from occipital cortex), also preponderantly represented 
in an extensive set of bulbospinal reflex mechanisms. 

An almost invariable sequence to transection is eventually ulceration in the neighbourhood 
of the outer malleolus. The ulcers heal readily if dressed ; but they recur: I find no evidence 
for believing them due to tropic disturbance. They seem the result of pressure during the 
paralytic condition of the limb. C&dema of the foot also occurs. The muscles waste greatly, 
especially, I think, the quadriceps extensor of thigh. 

A fact of importance is that if regularly repeated passive extensions be not undertaken and 


’ 


kept up, ‘/ate rigidity’ ‘contracture’ ultimately flexes the hips and knees. ‘The onset of the 
rigidity is shown by resistance to movement in the direction toward which act the muscles antago- 
nistic to those becoming rigid : this can be in some cases felt in two or three weeks. “The atrophy 
is severest in the extensors of the knee, at least that is my experience in the Cat, Dog, and Monkey. 
I cannot confirm FREusBerct when he states there is to be found in the dog no alteration in the 
nutritive condition of any of the muscles. Myself, I find it affect both sets of muscles, flexor 
and extensor; much as Munxf describes after cortical ablations, when hemiplegic contracture 
occurs in the Monkey. ‘That the rigidity ‘contracture’ affects in the lower limb the flexors in the 
Monkey, rather than the extensors, as I am told is the case in Man, may be due to extension of 
the limb being more predominant in the erect position than in the quadrupedal. 

In some of the Monkeys with hind-limbs insensitized by spinal transection, the animals 
attacked the insentient limb ; they began to pull it literally to pieces with an air suggesting playful 
curiosity. In one case the great sciatic nerve at the hip was frayed out and through in the course 
of a forenoon. In our research on the effect of rendering the limb insentient (apzsthete) by 
section of its afferent nerve roots, Dr. Morr and myself met with a similar experience in some 
individual animals.§ The ataxic and semi-paralytic condition of the limb evidently annoys the 
creature although not causing it pain. 

The amount of reflex movement elicitable, after spinal transection, varies much in different 
monkeys of the same species: also in one and the same individual from day to day. On some 
mornings mere vestiges of reflexes obtainable on the previous morning might be all that were 
possible. In most cases a few repetitions tires out the reflex reaction ; after increasing somewhat 


for a few repetitions at the beginning of the examination, they begin to fade out, and do so unless 
* Journ. of Physiol.,’ vol. 13, p. 621, 1892. t H. Munk, ‘Sitzungsber. der Konigl. Akad, der 
+ Pfliiger’s ‘ Archiv,’ vol. 9, 1875. Wissensch. zu Berlin, 1894. 
§ ‘Proc. Roy. Soc.,’ vol. 57, p. 481, 1895. 
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a rest is allowed. ‘To increase the intensity of the stimulation is not of much avail. The reflex arc 
behaves somewhat like cardiac muscle in responding its approximate best or not at all if the stimulus 
applied be not subliminat. 

The discontinuance ot a prolonged stimulation, especially when it is itself becoming 
inefhcient, I have very often found provoke a fresh outburst of reflex activity. Hzrap* and 
FreusBerct have pointed out the same thing. I have seen it with faradic and with mechanical 
stimuli, After stretching a muscle from its tendon steadily and then suddenly relaxing it, the 
relaxation often causes a sudden fresh outburst of movement, a terminal discharge. 

In the Dog, soon after the performance of transection, vigorous reflex movements can be 
easily obtained ; especially in the hind limbs and tail ; these have been known and their vigour 
and variety appreciated since the papers by Marsuatt Hatt,{ Loncet,§ Bracuet,|| CayrabE,™ 
Gorrz** and FREUusBERG, and especially by the papers of the two last-named observers. From my 
account above given of the Monkey it will be seen, therefore, that there exists a difference 
between the condition of Monkey and of Cat and Dog in regard to reflex play in the spinal cord 
after spinal transection. ‘To meet so great a physiological contrast between these two Mammalian 
types is surprising: the difference is distinctly great. I do not, however, believe it a really 
profound difference ; it is, 1 think I shall show, quantitative rather than qualitative. But it is 
nevertheless great and significant. One may almost say the Dog in this respect seems to differ 
less from the Frog than does the AZacaque from the Dog, although the morphological gap between 
the two latter is so much less than between the former. In the Dog and Cat the spinal reflex 
movements are more forcible, more prolonged, more readily obtained, and less easily exhausted by 
fatigue. In the Cat and Dog it is not unusual to see the hindquarters raise themselves reflexly— 
with superficial similitude to willed movement—from the sitting to the standing posture ; this 
powerful reflex, described by Gotrz, often occurs when the animal moves on being encouraged to 
stand up. In the Monkey, on the other hand, the hind limbs hang helpless, with a lethargy 
comparable to deep stupor. The few feeble abortive movements above described are difficult to 
arouse, and sometimes not elicitable at all. It might, perhaps, have been anticipated that in the 
Monkey, with its wealth of range and scope of limb movement, compared with which the hind 
limbs of the dog are little more than props, the reflex spinal machinery would have exhibited 
conformably a more multiform and surpassing co-ordination than in the Cat and Dog. ‘Shock’ 
once over, spinal reflexes might have been expected more various than those of other animals. 
Such a supposition is dispelled by actual experiment, as far as all cutaneous reflexes are concerned, 
although it is true that the variety of homonymous reflex about the knee of the Monkey appears 
slightly greater than at knee in the other species. 

On the other hand the difference between the variety and even the extent of the spinal 


reflexes obtainable from Cat and Dog on the one part and from AZacacus on the other, is much 


* ‘Journ. of Physiology,’ vol. 10, p. 1, 1889. || < Recherches expérim. sur les Fonctions des Systém. 

+ Pfliiger’s ‘ Archiv,’ vol. 9, p. 372, 1874. Nerveux ganglion,’ Paris, 1839. 

t ‘Memoirs on the Nervous System.’ London, @ ‘Le Mouvement Réflexe. Thése pour le doct. 
1837-1852. 4to, London, en méd. Paris, 1864. 


§ ‘Traité de Physiol.” vol. 2, p. 241. *# Pfliger’s ‘ Archiv,’ vol. 8, p. 460, 1873. 
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diminished when, instead of skin and nerve-trunk, the spinal roots proximal to their ganglia are 
stimulated. The direction and muscular composition of the primary movements elicitable by 
faradic excitations of the afferent spinal roots themselves are in Cat, Dog, and Monkey, especially 
in the hind-limb region, almost the same for all three types. The spinal machinery for movement 
is therefore actually present in the Monkey as in the other two, and indeed, as was expected, 
appears to be more complex. But it is more difficult to set in motion and to keep going. This 
question requires further appeal to the phenomena of ‘shock.’ 

As was to be expected, shock is more severe and lasting in the Monkey than in the other 
laboratory types, and its symptoms are more profound and prolonged than in any other animal I 
have observed. ‘The symptoms of shock, in many monkeys, persist for days instead of hours or 
minutes, as in Cat and Dog. It is important to note that in the Monkey, much of what we are, 
from observations upon the lower animal types, inclined to regard as temporary and relegate to 
block or ‘shock,’ in Gotrz’s language ‘ Hemmungserscheinungen’—not ‘ Ausfallserscheinungen’?— 
proves, under prolonged observation, to be, I must think, permanent ; in fact, to be true deficiency 
phenomenon, Every histologist acquainted with the comparative structure of the spinal cord in the 
Ape and in the Dog, must have been impressed with the far greater complexity obvious in the 
former. ‘The above evidence is in accord with that, for it shows that the same trauma inflicted 
upon the cord leads, in the monkey, to much heavier permanent defect than in the dog ; just as, 
in fact, ablations of the cortex cerebri are pregnant with far greater ‘ 4usfallserscheinungen’ in the 
Monkey (Frrrier, H. Munk, ScuArer, Morr) than in the Dog (Gorrz). It is reasonable to 
argue still severer results in the case of the human spinal cord ; of which again we know the 
minute structure to be yet more complex still. The permanent damage done is, therefore, as well as 
the initial shock, disproportionately greater in Monkey than in Cat and Dog. 

To return briefly for a moment to initial shock due to spinal section in the Monkey. 
There can hardly be witnessed a more striking phenomenon in the physiology of the nervous 
system. From the limp limbs, even if the knee-jerks be elicitable, no responsive movement, 
beyond perhaps a feeble tremulous adduction or bending of the thumb or hallux, can be evoked 
even by insults of a character severe in the extreme. ‘That which the delicate yellow spot is to 
the sensifacient sheet of the retina, may the the thumb and index be said to constitute in the 
great sensifacient field of the limb. Nevertheless, a hot iron laid right across thumb, index, and 
palm, remains an absolutely impotent excitant, or able only to evoke a faint flexion of the thumb ; 
the crushing of a finger has no greater effect. A huge afferent nerve, such as the internal 
saphenous, containing some five thousand sensory nerve-fibres, when laid across the electrodes and 
subjected to currents absolutely unbearable upon the tongue, elicits no further response, and probably 
no movement whatsoever. ‘To the whole popliteal nerve, representing an area of sentient skin 
which includes the entire sole and much of the leg besides, intolerable faradisation can be applied, 
and elicits no more, and often even less, response. A more impassable condition of block, or 
torpor, can hardly be imagined: its depth of negation resembles, to superficial examination, 
profound chloroform poisoning. ‘The circulation is, however, approximately normal in these 


cases ; and the respiration absolutely so. The skin, as above stated, is well warm, even to the 
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tips of the hands and feet. Further, the fundamental distinction between the condition and that 
induced by any chemical nervous depressant, is clear in the following two features. (1) The 
spinal motor neurons, though profoundly inaccessible to stimuli, applied vi@ skin or afferent nerve- 
trunks, are perfectly open to any applied vid the pyramidal paths: excitation of the pyramidal 
tract at the top of the cord evokes as readily as or more readily than ever, in both limbs, its usual 
variety of movements. (2) Excitation, mechanical or by weak electric currents quite 
imperceptible to the tongue, of the central ends of the spinal posterior (dorsal, sensory ) roots themselves, 
fairly readily evokes the usual reflex movements elicitable—although enormously stronger stimuli fail 
absolutely when applied to the skin and afferent nerve-trunks. At first finding this, I supposed an 
explanation might lie in the fact that the roots contain large numbers of afferent fibres from 
muscles,* while the peripheral nerve-trunks and surfaces tried are chiefly cutaneous ; but 
excitation of the spinal end of the hamstring-nerve, with its quantities of afferent nerve-fibres from 
muscle and deep structures, caused no more effect ; caused, in fact, less effect than a pure 
cutaneous sensory trunk, such as the long saphenous. ‘This condition, although most usual and 
striking in the Monkey, and therefore here chiefly described in his case, is seen, to a certain extent, 
also in Cat and Dog. When, in them, the spinal depression is great, it is easily found to be more 
marked when examined by excitation of skin or peripheral nerves, than when examined by 
excitation of the afferent spinal roots ; the motor reactions provokable from the former, are less 
ample and less numerous than from the latter. It is no question of escape of exciting current to 
the motor roots themselves. Finally, this further point seems clear, from the above analysis of 
‘shock,’ that the phenomenon is not resident, chiefly or indeed at all, in the peripheral sensory 
end-organs, or at their junctions with afferent neurons ; because the peripheral nerve-trunks 
themselves are as inefficient as the skin, tendons, &c. My own experience leads me to think that 
the condition of a spinal cord isolated by a spinal transection is often more normal a few hours 
after the transection than it is when long periods of weeks and months are allowed to elapse. I 
am well aware that this is contrary to the opinion of Gorrz and others. The advantage believed 
to accrue from waiting is that the phenomena of shock may have time to pass off as completely as 
possible. How long the phenomena of shock may last at longest is a question on which very 
different views are held. Goxrz, to whose trenchant observations and bold system of experiment 
we owe so much of our knowledge of the physiology of the central nervous system, is the founder 
of a school which works in the belief that the phenomenon of shock may persist for months, even 
years. It is, as far as not, merely a matter of nomenclature, a question on which no definite 
decision seems as yet possible. I myself have gradually been driven to the belief that ‘ shock’ 
does not take long to pass off, 7.e., does not at longest persist for more than a few days.t But 
though shock passes off, the alterations produced in the isolated cord or piece of cord (by 
permanent withdrawal of the influences it has lived accustomed to receive from other portions of 


a 


* Sherrington, ‘On the Anatomical Constitution of the Nerves of Skeletal Muscles,’ ‘ Journ. of Physiol.,’ vol. 17, 1894. 

+ I am not considering here the complications arising out of long, badly healing and suppurative wounds, and the 
continual irritation they may produce if situate in the nervous system. Such conditions no longer, thanks to LisTEr, complicate 
the lesions of experimental physiology. 
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the central nervous system), progress, and are in a sense cumulative. ‘The decreasing depression 
merges—at present inextricably for us—in the increasing onset of an ‘ isolation-alteration.’* 
Much of what is called ‘shock,’ in regard to the Mammalian cord, is, I believe, due to ‘ isolation- 
alteration,’ and is really permanent, that is to say, would not pass away if the animal were to live 
healthily for any number of years. The most favourable time for the examination of the 
independent capabilities of the spinal cord is that when the sum of ‘shock’ and ‘ isolation- 
alteration ’ together is of smallest amount. ‘That time, compounded as it is of two such variable 
factors, is itself extraordinarily variable. In result of spinal transection in Monkey, I am sure that 
‘shock’ lasts longer, and that ‘isolation-alteration’ comes on earlier than in the other animal types 
commonly observed in the laboratory. It is the conjunction of the periods of these two 
phenomena which renders so difficult and so largely defeats attempts at observations on proper 
spinal reactions of the Monkey. If the overlap of the two is great, then no spinal reflexes, or only 
the merest traces of them, may be observable. In Man it is only natural to suppose—and what 
clinical experience I have had access to strengthens me in the belief—that even more than in 
Monkey will ‘shock’ be protracted, and ‘isolation-alteration’ speedy and severe. The 
observations of Bastian,t Bowrsy,{ and Bruns§ teach us that the clinical picture of the effects 
of total transverse lesions of the human spinal cord does not accord in the way that medical text- 
books have been wont to describe with the long-known results obtained from the transected cord 
by the physiologist. Older physiological experiments are, however, not based on nervous systems 
so approximate to the human as is that of AZacacus, Cercocebus, &c. Of these latter I would say 
that their condition after spinal transection commonly resembles in its features, in the most striking 
manner, the condition of spinal depression observable after transverse spinal lesion in Man, and 
considered by Bastian to be the typical status. 

My results on Monkeys bear out strikingly and fully what Bastian describes as the typical 
condition in Man after complete transverse destruction across the cord. ‘The chief difference 
is that in the Monkey in most cases—partly, perhaps, because the lesion is more localized by 
experimental infliction than by accidental—the depression is not so severe. For instance, the 
knee-jerk, which disappears almost immediately after the transection, returns usually in a week or 


ten days,|| often, however, not for three weeks ; occasionally, on the other hand, in ten minutes. 


Rules observable in Spinal Reflex Actions. 


I will now attempt to state and illustrate such rules of reflex action as seem capable of 
induction from the above observations. In the first series of the following pages I shall refer only 
to reflexes of short path, 7.e., to short spinal reflexes. 

In doing this, use must be made of the terms ‘spinal segment,’ ‘short spinal reflexes,’ 


‘long spinal reflexes,’ and ‘spinal regions.’ “The spinal segment is often loosely, though arbitrarily, 


* Munk’s ‘ Isolations-anderung,’ a term which expresses what I mean, has been introduced by him to denote alteration 
1esulting from a lesion of cortex cerebri. I venture to introduce the word in the above wider sense. 


+ ‘ Medico-Chirurgical Transactions, 1891. London. || Sherrington, ‘ Journ. of Physiol.,’ vol. 13, 1892 ; 
t Ibid. A. S. F, Griinbaum, ‘ Journ, of Physiol.,’ 
§ ‘Neurologisches Centralblatt.’ Berlin, 1893, vol. 16, 1894, p. 368. 
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laid down to be a fraction of spinal cord included between two imaginary frontal sections, placed 
one on each side of a nerve-pair, and each half-way between the next pair below and the next 
above. Neither morphologically nor physiologically does this cylindroid mass of the cord merit 
the term ‘spinal segment.’ To take such a fraction as representing either a structural or a 
functionai unit or spinal link, from a series of which the cord is built up by concatenation, is to 
ignore one of the most important characters of construction of the myelon. Overlapping and 
inlapping of segments exist in the segmental arrangement of the cord itself just as in the segmental 
arrangement of the neurons in the body-metameres outside. ‘The ‘block’ delimitation of the 
spinal segment is no longer defensible or useful. It omits structures which are essential 
components of every complete spinal segment ; it includes much that is extraneous. It is 
applicable, probably, to one set only of the spinal neurons, namely, to the motor neurons, for, as 
I* and A. S. GrunBaum* have shown, the spinal motor root is of strictly local origin. 

The extent of intra-spinal attachment is very different in the two cases of the dorsal 
(afferent) and of the ventral (efferent) root respectively. “The former overlaps a series of the latter. 
If, for mere convenience of statement, the surface attachment only of the roots is considered in 
the definition ‘segment,’ there remains, apart from the obvious artificiality of the postulate, still a 
difficulty with the dorsal (afferent) root. ‘This difficulty lies in the frequency with which the 
filaments of dorsal roots trespass upon each other’s territory, a filament from one root-ganglion not 
uncommonly joining a filament from the next ganglion to plunge together with it into the postero- 
lateral fissure of the cord. Not very rarely a filament on issuing from the ganglion pursues an 
oblique course (generally in my experience downward) across a part, or even the whole of the 


filaments from the next ganglion, to enter the cord among or even subjacent to them. 


Example.—I1 recollect noting in the human brachial enlargement a filament from the VIIth 
cervical ganglion plunging into the cord half-way down the series of filaments from the VIIIth ganglion. 
I believe such variations are not found in the filaments of anterior roots. I have myself, with considerable 
opportunity for search, never yet found any. 

The surface attachment of the dorsal (afferent) root is, therefore, just as its deep attachment, 
a less reliable segmental guide than that of the ventral (efferent) root. But the collection of cells 
composing the spinal ganglion is a segmental collection, just as the collection of the intra-spinal 
neurons of the efferent root is a segmental group ; indeed, the two are segmentally equivalent. 
To include in the ‘spinal segment’ the cells of one root, and to omit those of the other, is 
obviously artificial and inconsequent. ‘The spinal segment is, therefore, in this paper understood 
to include the neurons of the spinal ganglion, as well as those of the corresponding ventral 
(efferent) root, and along with these all other intra-spinal neurons whose cell-bodies lie between 
the same frontal levels as the neurons of the efferent root in question. I omit reference to the 
ganglia of the sympathetic, this paper not being immediately concerned with them. 

As to ‘short paths,’ KOtiikert defines them as paths which do not extend the whole 


length of the spinal cord and do not extend into the brain. I would propose to limit the term 


* ‘The Journal of Physiology,’ vol. 13, p. 707, 1892 ; vol. 14, p. 300, 1893 5 vol. 16, p. 368, 1894. 
‘+ ‘Handbuch der Gewebelehre des Menschen,’ 6th edit., vol. 2, 1st half. Leipzig, 1893. 
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further. The reflex apparatus of the cord may be usefully considered in five regions, for the (1) tail, 
(2) pelvic limb, (3) trunk, (4) brachial limb, and (5) neck, each of these regions being double, 
because made of right and left component regions. I would consider ‘short’ any paths which 
are entirely confined to a single one of these main regions. ‘These main regions I separate as 


‘spinal regions,’ on account of their each possessing a certain degree of physiological solidarity. 


Short Spinal Reflexes. 


The following rules refer almost exclusively to spinal reflexes of short paths only—1.ec., to 
‘short spinal reflexes’—as understood by the above given definition. 

Among inferences that may be drawn from the observations stated above, one dealing with 
the degree of correspondence between the morphological structure and the functional mechanism 
of the cord may be taken first. Broadly speaking, it may be said that the degree of reflex spinal 
intimacy between segments is directly proportional to their segmental proximity. 

The fundamental experiment which illustrates this rule is the following :—Cat, the cord 
transected at the Ist cervical level ; the roots of the VIIth thoracic nerve exposed in the vertebral 
canal; these severed together through the ganglion, well outside the dural sheath ; the central 
end of the mixed nerve, 7.¢., of both roots in the single sheath, then ligated, held up free, and 
excited with faradic currents ; reflex contraction of the intercostal muscles of the 8th and 6th 
spaces occurs, that of the 8th space is a little more easily obtained than that of the 6th space, 7.¢., 
with slightly less intense currents. Pinching the central end of the nerve between ivory-tipped 
forceps also evokes contraction in the 6th and 8th spaces; by pinching 7th, it is usually not 
possible to evoke contraction in intercostal spaces further removed than 6th and 8th ; by sufficient 
increase of intensity of the faradic currents a further spread is possible. By applying the electrodes 
to the cord itself along the dorso-lateral fissure in the region of entrance of the filaments of VIIth 
thoracic, contraction of the muscles in the 8th and 6th spaces is easily produced, but not so easily 
in spaces further removed, though with less difficulty than by excitation of the root filaments of 
7th outside. On shifting the electrodes to the line of surface origin of the filaments of the dorsal 
root of VIIIth thoracic, the contraction in the 6th intercostal space at once disappears ; on shifting 
to the surface entrance of VIth thoracic, the contraction in the 8th space drops out, if not 
completely, very nearly so, but by increasing the intensity of excitation can be regained. The 
amount of intraspinal overlap would thus seem to be in this region about equal in both directions, 
_ and to start from the segment of the afferent root, excited as from a centre; but the direction of 
spread is somewhat easier away from the head than toward the head, a significant exception to the 
4th ‘law’ of Pritcer.* It may be recalled that it was proved in my previous paper that the 
sensory innervation of the skin of most of the trunk is segmentally anterior to the motor 
innervation of the underlying muscles, an oblique relationship existing between them. By 
carefully graduating the degree of excitation the course of the spread from one intercostal space to 
the next seems to be quite recognisably accompanied by increase of resistance of conduction. 


The following are adduced as further examples of the rule of segmental proximity :— 


* “Ueber die sensorischen Functionen d, Riickenmarks.’ Berlin, 1853. 
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Tuus :—By excitation of the sole, flexion of hallux can be elicited more readily than protrusion 
of anus; from skin of perineum, conversely, protrusion of anus more readily than flexion of hallux, and 
this with prefixed plexus. 

From I[Ird, [Vth, Vth, and VIth cervical afferent roots, action of supinator longus is usually more 
facile than action of triceps; from VIIth cervical there is not so great a preponderance of one or other ; 
from VIIIth cervical and the four highest thoracic roots, action of triceps is the more easily obtained as a 
rule. 

In the Cat, active flexion of the knee is usually a more facile reflex than active flexion of hip in 
response to excitation of IXth, VIIIth, and VIIth post-thoracic afferent roots ; but IInd, IIIrd, IVth, 
Vth, and VIth roots as readily yield flexion of hip as of knee, as a rule. 

In Macacus, flexion of thumb and fingers is more readily obtained by excitation of the skin of the 
hand itself than of any other part of the limb ; the VIIth and VIIIth cervical afferent roots and the Ist 
thoracic are those supplying the skin of the hand, and the motor root of each of these segments innervates 
the flexor muscles of the digits. A similar arrangement obtains between planta and hallux. 

In the Cat, mechanical or thermal stimuli applied to the pad evoke primarily and most easily reflex 
flexion of the toes; this is true in fore-foot and in hind-foot. 

In the Cat, either dorsal flexion or plantar flexion of ankle may be the reply to cutaneous stimuli 
on the foot, but dorso-flexion is the more usual, and is more certainly obtained from the dorsum pedis than 
from the sole, and least certainly obtained from the 4th toe. Now, the dorsum is supplied by sensory 
roots anterior to those supplying the sole, and especially to those supplying the 4th toe; z¢., to the sole 
and to the 4th toe the IXth post-thoracic root sometimes, and the VIIIth always, contributes ; to the 
dorsum, the VIIIth slightly, the 1Xth never, contributes ; while the VIth contributes to the dorsum, but 
never to the sole and 4th toe, the VIIth being common to all. Now, dorsal flexors of ankle derive nerve- 
fibres from the VIth and VIIth roots chiefly, the plantar flexors from the VIIIth and VIIth chiefly. 

In the Cat (and Monkey), reflex extension of hip is more readily obtained from the afferent roots 
posterior to the VIth (in Monkey Vth) than from the roots in front of VIIth (in Monkey VIth). The 
extensors of the hip receive their motor innervation chiefly from roots behind VIth (and Vth, Monkey). 

Excitation of the outer side or edge of the sole evokes (both in Cat and Monkey), besides dorso- 
flexion at ankle, some tilting upward of that edge of the foot. This outward tilting is not elicited from 
the inner edge of the foot, inward tilting being then not unusual. Now, in the Cat, the outer edge of 
sole is supplied by VIIth + VIIIth ganglia (post-thoracic), while inner edge by VIth + VIIth; but outer 
edge is more richly supplied by VIIth than is inner edge. Now, peronei get motor neurons from VIIth 
and VIIIth motor roots, so that peroneal contraction might be expected to be stronger from outer edge 
than inner on the rule of segmental proximity. Same holds in Monkey on substituting roots V, VI, and 
VII for the above. 

Dorso-flexion of ankle in Monkey is less easily obtained as a spinal reflex than flexion of the other 
hind-limb joints; the roots whence it is best obtained are the VIIth and the VIth. These are the sensory 
roots of the very segments which supply motor fibres to the pretibial and peroneal muscles. 

The cremasteric reflex obtainable by scratching inner side of thigh and groin is obtained thus when, 
in Monkey, all the posterior roots of the region except IInd and IIIrd lumbar have been severed. It is 
also obtained by direct excitation of IIIrd lumbar root. 

Extension of the hip and flexion of the knee can be with less difficulty provoked from the part of the 
outer aspect of the thigh behind my mid-dorsal line of the limb than from the region in front of it. As 
a futher example may serve Cayrape’s™ observation that after mid-thoracic transection in the guinea-pig, . 
pinching the root of tail causes flexion of the knee; stroking the belly adduction of hip and extension at 
knee. 


This rule offers, I believe, especially when stimuli not far removed from minimal are 
employed, a useful key—as regards short paths—to many topographical relationships between 
field of excitation and field of reflex movement. Its existence is notable in face of the ob/ique 


correlation which was shown in my previous experiments,t to obtain over a large part of the trunk 


* ¢Les Mouvements Réflexes,’ Thesis, Paris, 1864. } ‘Phil. Trans.,’ B, vol. 184, p. 754. 
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and limb between overlying skin innervation and underlying muscular innervation. “The former 
being segmentally anterior to the latter, one might have expected that the sensory root of a spinal 
nerve would have evoked motor reply primarily from a segment a couple of metameres lower 
down in the segmental chain rather than from the motor neurons of its own segmental level. 
I have, indeed, given evidence above, that in some regions the direction taken by ‘spread’ does 
actually, to some extent, bear out the supposition suggested by the former paper; in other words, 
that, contrary to PFLUGER’s 4th law, the spread does not occur with greater facility in direction 
towards the brain, but rather, in some cases, with greater facility in direction from the brain. This 
downward tendency supports, not overrides, the rule ; so that, indeed, from the rule of segmental 
proximity, another, which is its logical corollary, may be proceeded to. ‘This is: taken generally, 
for each afferent root there exists in its own spinal segment a reflex motor path of as little resistance as 


any open to it anywhere. 


Examples :—The adduction flexion of hallux elicitable with minimal stimuli from the VIIIth 
post-thoracic afferent root is obtainable with the same or even a lesser stimulus when the VIth, VIIth, and 
IXth post-thoracic motor roots are severed. (Monkey.) 

Contraction of the hamstrings is elicitable from the VIth post-thoracic afferent root vid the VIth 
post-thoracic motor root with an absolutely minimal stimulus. (Monkey.) 

The afferent roots of the Vth, VIth, and VIIth cervical, and Ist thoracic nerves having been 
severed, excitation of the skin of the palm evokes flexion and adduction of the thumb ; this response is 
not altered in character by subsequent section of the VIth and VIIth cervical and Ist and IInd thoracic 
motor roots. (Monkey.) A similar result to this is obtainable from the VIIth post-thoracic and the 
hallux. (Monkey.) 

By minimal excitation of the long saphenous nerve flexion of the hip, due to fascialis and rectus 
internus, is elicited, and it is usually only by increasing the strength of stimulation that other muscles (e.g., 
psoas and pectineus) co-operate with the above. ‘The same result is seen when the Vth and IVth post- 
thoracic afferent roots have been severed. Now, I have pointed out in my previous paper that the fascialis 
is the only muscle in the lower limb supplied by one root only; that root is the VIth post-thoracic. 
Hence the internal saphenous, by its component from the VIth post-thoracic root, elicits contraction at 
least as easily as from any other, from a muscle whose motor innervation is through the corresponding (7.e., 
VIth) motor root. (Cat.) 

By minimal excitation of the IXth post-thoracic afferent root protrusion of the anus is usually 
more easily obtained than flexion of the digits, and this is so in prefixed plexuses in which the [Xth motor 
root does not innervate any muscles of the limb. ‘The anal reflex persists after section of the VIIth, 
VIIIth, and Xth motor roots, z.¢., must have had a component through the [Xth motor: the [Xth afferent 
root, therefore, shows a slight preference for discharging into a motor centre present in its own segment, as 
compared with another which is also open to it, but outside its own segment. 

Minimal excitation of the VIth cervical afferent root elicits contraction of the supinator longus, 
while minimal excitation of VIIIth cervical afferent root elicits flexion and adduction of the hallux : 
motor fibres of the VIth cervical innervate the supinator longus, while motor fibres of the VIIIth cervical 
innervate the long and short muscles of the thumb. 

Excitation (mechanical) of the Ist thoracic afferent root evokes usually flexion and adduction of 
thumb, but no dilatation of pupil; similar excitation of the IIIrd thoracic afferent root evokes usually 
well-marked dilatation of the pupil (almost exclusively homonymous), but no movement of thumb. ‘The 
motor root of the Ist thoracic innervates thumb muscles but not the iris, while that of the IIIrd 
innervates the iris but not the thumb muscles ( Macacus ). 

In the monkey adduction-flexion of pollex and hallux, which are the most facile cutaneous reflexes 
of the whole limb, occurring when all others are absent, is provoked from the ulnar and fibular sides of 
palm and sole and from little digit easier than from elsewhere: ulnar and fibular sides of palm and sole are 
supplied by those spinal ganglia corresponding with the spinal segments possessing motor neurons for pollex 
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and hallux. The skin of pollex and hallux themselves and of radial and tibial sides of palm and sole yield 
the reflex less readily ; their skin is innervated from spinal levels segmentally less close to musculature of 
pollex and hallux. 

In Monkey and in Cat excitation of the VIIth or VIIIth thoracic afferent root by absolutely 
minimal stimuli, evokes often contraction in the muscles of the VIIth (or VIIIth) intercostal region, and 
not in other intercostal : contraction in intercostal spaces other than VIIth (or VIIIth) is never obtained 
without contraction in that space. 


An exception to this rule seems offered by the pinna: excitation of the pinna (Cat) evokes 
retraction of it; afferent nerves are Vth cranial, and Ist and IInd cervical. “The motor nerve 
seems to be the VIIth cranial. ‘The reflex continues well after section of the Vth cranial and Ist 
cervical ; the reflex then involves discharge from the IInd cervical into the VIIth crainal, 7.2, the 


primary reflex is pluri-segmental. 


PLURI-SEGMENTAL REFLEX ARcs oF Low REsISTANCE 


At the same time, as I have previously pointed out,* there co-exists for most afferent roots, 
together with their own uni-segmental paths of minimal resistance, other spinal reflex paths which 
extend beyond the limits of the afferent root’s own segment, both upwards and downwards, and 
yet offer a resistance not with certainty demonstrable to be greater than that of the low resistance 


path confined to the one segment. 


Examples—Stimulation of central end of palmar digital nerve on ulnar side of little finger evokes 
flexion and adduction of thumb. Similarly, excitation of palmar digital of radial side of index gives 
same movement. Section of VIIIth cervical afferent root does not obviously change the reflex. Section 
of the Ist thoracic motor root does not necessitate a stronger excitation of the little-finger nerve to evoke 
the movement. Section of the VIIth cervical motor root does not necessitate a stronger stimulation of 
the index digital to evoke the movement. Section of the IInd thoracic does not modify the reflex. 
Section of the motor root of VIIIth cervical finally abolishes the reflex, z¢., the reflex flexion of thumb. 
The reflex path was not appreciably more resistant when it passed from Ist thoracic into VIIIth cervical, 
or from VIIth cervical into VIIIth cervical, than when confined entirely to Ist thoracic segment or to 
VIIth cervical segment. 

Excitation of skin near orifice of vagina elicits protrusion of anus. The afferent roots of the Xth 
and VIIIth post thoracic nerves are now cut. Excitation, z¢., a pinch of the skin as before, still elicits 
the protrusion of anus; the patent afferent root is therefore the [Xth; the IXth ventral root is cut; a 
pinch as before still elicits the anal protrusion as readily as before. Similarly, using the roots of the opposite 
side in the same animal, excitation of the IXth post-thoracic afferent root with 20 k.s. just elicited anal 
protrusion, the motor root of [Xth was then severed; whereupon [Xth afferent root still evoked well a 
protrusion of anus. In the latter part of the experiment the possibility of a uni-segmental crossed reflex 
is eliminated. 

For further examples reference can be made to my ‘ Lumbo-sacral Plexus.’ 


Functional Solidarity of the Motor Cell-groups for certain Groups of Muscles. 

In such instances as these, centripetal impulses poured into one spinal segment evoke cen- 
trifugal impulses in adjacent segments, without demonstrably greater difficulty than when confined 
to the actual segment into which they were themselves thrown. Irradiation appears to meet with 
no increase of resistance when passing from one segment to another in these cases. The 


solidarity of these parts of the essentially segmented cord must be extraordinarily complete. The 


* © Journ. of Physiol.,’ 1892, loc. cit. 
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connection between the endings of the afferent fibres and motor-cells or other segments may be 
as close as between them and amy of the neurons. It follows that, in many instances at least, 
excitation of their own segment applied in minimal or approximately minimal degree to a single 
afferent root, or of a fraction of a single afferent root, evokes pluri-segmental ‘motor’ discharge. 
Now I have shown that the group of motor neurons innervating a limb muscle, ¢.g., flexor brevis, 
hallucis, or pollicis, is composed of individual neurons, belonging not merely to one but to two 
and three adjacent spinal segments.* From the above it is clear that the rule of segmental 
proximity does not operate to the extent of making motor neurons belonging to one segment in 
the pluri-segmental motor nucleus greatly more accessible by its own afferent root than are, by that 
root, the motor neurons of the other segments composing the nucleus; in fact they are only very 
slightly if in any degree more so. Here, again, facts lend no countenance to the assertion that the 
collection of fibres in each motor root represents one highly co-ordinate functional synergy. On 
the contrary, they indicate that not the whole motor root, but particular fractional combinations of 
several motor roots are, in spinal reflex actions, to be considered units. The afferent channels of 
the cord treat the pluri-segmental motor stations or nuclei of these limb muscles as entities of 
homogenous structure—as, in fact, physiological units. 

From the foregoing it follows naturally that the reflex centrifugal discharge of the spinal 
cord is pluri-segmental. The rule may be stated thus: 7m response to excitation even approximately 
minimal of a single afferent root, or even a single filament of a single afferent root, the spinal discharge 
of centrifugal impulses evoked, tends to occur vid more than one efferent root, i.e. is pluri-segmental. 
It is interesting to note that this is more strongly the case in the limbs than in the thoracic region 
where the segments are less commingled. The segmental arrangement of the motor cells of the 
spinal cord is said by ScHwaLBet to be more obvious in the thoracic than in the limb regions. 
But in the limb region, the arrangement, if existent, consists of cell groups quite confluent at the 
boundaries of segments. I look upon the solidarity of the limb as structurally expressed by the 
pluri-segmental character of the motor nuclei. KatsEr’s{ measurements lend no colour to 
SCHWALBE’s assertion of a segmental grouping of the motor cells. With care, the reflex discharge 
can, as above stated, be confined in the intercostal series to one segmental region, the spinal 
centrifugal discharge being then uni-segmental. “This circumstance is in accord with the uni- 
segmental innervation of these muscles as compared with the pluri-segmental innervation of most 
limb muscles. 

This serves to emphasize what I have frequently insisted on, namely, the physiological 
homogeneity of limb muscle and nerve-trunk, and the physiological heterogeneity, in spite of 
morphological unity, of the spinal nerve-root in the limb region; the spinal nerve-roots of the 
thoracic region are far less heterogenous. ‘The peripheral nerve-trunk is the physiological collection 
of nerve-fibres, ¢.g., flexors collected together, vaso-dilators included with motors to muscles, &c. 


The nerve-root is the morphologica: collection; it contains, commingled into one, such hetero- 


* Sherrington, ‘Journ. of Physiol.’ vol. 13, p. 621, 1892. 
+ Schwalbe, ‘Lehrbuch der Neurol.,’ 1881; also Liideritz, ‘Arch. fiir Anat. und Physiol.,’ 1881, 
ft ‘Ganglienzellen des Halsmarkes,’ Haag, 1891. 
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geneities as adductors of great toe, protrusors of anus, and vaso-dilators of the penis. Similarly 
with the skin, the median nerve-trunk supplies a patch of the palm that has obviously functional 
unity, but Ist thoracic nerve-root supplies such incongruities as the back and front of the little 
finger and of half the annulus and the tip of the olecranon process. It is the formation of func- 
tional collections of nerve-fibres (peripheral nerve-trunks) out of morphological collections (nerve-roots), 
which is the explanation—the meaning—of the existence of limb-plexuses. ‘The reply to the oft-asked 
question what is the meaning and explanation of the distribution of the brachial and pelvic limb 
spinal nerves by plexuses, while the spinal nerves of the trunk region are not distributed by 
plexuses is, in my opinion, as follows :—In the trunk region, the innervation of the muscles of 
the skin is, as regards the distribution in them of the segmental nerves, a system of comparatively 
slight overlap: the peripheral territory of each segmental nerve—especially each motor territory— 
is confluent with but does not mingle nearly so widely with the neighbour territories as in the 
limb regions. That is to say, in other words, each several area of skin and of muscle, especially 
of the latter, has in either of the limbs a more pluri-segmental spinal innervation than a com- 
parable area in the trunk. The anatomical mode of innervating a definite area of tissue is, as we 
know, by means of collecting the nerve-fibres for the region into a nerve-trunk; where the 
innervation is pluri-segmental, the nerve-trunk will therefore naturally be combined from compo- 
nents of several segmental nerves ; where several such areas co-exist, several pluri-segmental nerve- 
trunks will be formed, and the seperate segmental nerves will be split up into components, which 
become redistributed in the combinations which constitute the pluri-segmental nerve-trunks of the 
region—as, for instance, in the brachial region. The brachial and lumbo-sacral plexuses are an 
anatomical result of the greater degree of overlap, especially in the distribution of the motor part 
of their spinal nerves, obtaining in the limbs as compared with other, e.g., the trunk region of the 
body. 

Just as the motor spinal roots (apart from sympathetic) to the limb form a rather less 
numerous series* than do the sensory distributed to it, so the series of the latter is again rather 
less numerous, less extensive, than of those which by excitation approximately minimal will evoke 
reflexly a movement of the limb. The spinal apparatus of the limb may therefore be likened to 
a funnel, the wide entrant mouth of which is represented by sensory nerves, the narrow end of 
exit by the spinal motor roots to the musculature. In the upper limb the sensori-motor funnel 


has the following segmental extension :— 


Cervical. Thoracic. 
Number of spinal nerve— : .. Ii. I. TV. V.. VI. Vil: VIL. 1. | ei esivVeave 
which evokes reflex movement of limb . + + + + + Se oe a Se 
which supplies sense-endings in skin of 
limb ; : : P Ss ee oe 2 ee SRS Sige 
which supplies motor innervation to 
muscle of limb ; ; ; + + + Hy ll 


and in the lower limb the following :— 


* Sherrington, ‘ Phil. Trans.,’ B, vol. 184. + Not always. 
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‘Thoracic. Post-thoracic. 

Number of spinal nerve— : Ne ee BV.) Vee Vi, Vile VIl Xk Xx 
which evokes reflex movement of limb . ot cee eee are a er a 
which supplies sense-endings in skin of 

limb c : : : ae are Gr a a a ae + 
which supplies motor innervation in 
muscle of limb : ; : Spe RAI 2c oe ae AP Ge 


By the above it is seen that centripetal impulses entering the spinal cord in the 
neighbourhood of the limb regions tend to be led into those regions; in other words, irradiation 
is largely directed into those regions, and this both from above and from below. On the other 
hand, impulses entering the limb region by roots belonging to the sensory nerves of the limb do 
not so tend to irradiate beyond the confines of the limb region, ‘Thus, impulses arriving wd the 
sensory root of IIIrd cervical usually evoke action of supinator longus more readily than impulses 
arriving by the sensory root of VIth cervical evoke action in any part of the musculature belonging 
to IIIrd cervical. Again, impulses poured into the sensory root of the Ist post-thoracic usually 
evoke action of the flexors of the knee more readily than do impulses poured into the sensory root 
of the VIth post-thoracic evoke contraction of the musculature innervated by the Ist post-thoracic. 

I have given above as a broad rule of ‘reflex spinal spread’ that, taken generally, there 
exists for each afferent root a reflex motor park or arc in its own spinal segment offering as little 
resistance as any open to it anywhere. Although that is so, there usually exist in each spinal 
segment certain groups of motor nerve-cells which are only with great difficulty reached or excited 
by excitor impulses conveyed into the segment by the fibres of its own afferent root. 

In a spinal segment of the limb region, among the entire collection of its motor nerve-cells 
certain sub-groups are far less excitable in local spinal reflexes than are others. In other words, of 
the entire contraction produced by direct excitation of a whole motor root certain parts are 
elicitable by spinal reflex much less easily than other parts. Whereas, between its own afferent 
root fibres and some of the motor neurons of the segment connection is facile, resistance low ; 
between its afferents and others of its motor neurons connection is difficult, resistance high. 
Hence, under the conditions maintained in my experiments, the centrifugal discharge, although 
occurring contemporaneously in several segments, in each of the several segments engaged certain 
only among the motor neurons. ‘The motor discharge although plurisegmental is in each segment 
only fractional : certain neurons in the segment are selected, certain neglected. The nature of 
the selection recurs with a degree of constancy altogether remarkable, although not invariable. 


Examples :—Good contraction of supinator longus group in arm of Macacus, by excitation of dorsal 
(afferent) root Vth cervical nerve with Kronecker secondary coil at 15 k.s.; to evoke contemporaneous 
biceps action as well as supinator, secondary had to be brought up to go k.s. No contraction of triceps 
could be provoked contemporaneously with supinator longus. 

In the Cat, cerebrum and cerebellum above their crura having been ablated, and the cord transected 
above IInd cervical nerve, a touch on the roof of the mouth causes wide opening of the mouth, ze., 
depression of the mandible. ‘The elevators of the jaw being much more powerful than the depressors, 
the afferent path (Vth cranial) must have selected the motor neurons of digastric, mylo-hyoid, &c., and 
neglected comparatively, or absolutely, or inhibited those of the elevator muscles. 

The intercostal muscles cannot at all readily be reflexly excited vid the lateral cutaneous branches of 
the corresponding spinal nerves, but the superficial muscles of the chest can be. 

4 
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Excitation of the lateral cutaneous branch of the IInd thoracic only with difficulty evokes any pupil 
reflex, the entire afferent root of IInd thoracic evokes reflex dilatation fairly readily. In the same way 
lateral cutaneous branch of IInd thoracic evokes retraction of shoulder very easily, but only with 
difficulty any contraction in the intercostal muscles. 

Again, of the muscles of the front of the thigh, some tend to be brought into reflex play by 
the internal saphenous nerve—playing upon the spinal segments of those muscles v@ their own proper 
afferent roots—much more readily than others; the rectus femoris (its upper part especially), sartoris and 
fascialis much more readily than the crureus and vasti. Excitation of the central end of the nerve to one 
of the vasti evokes contraction of its own fellow vastus and the associated crureus less easily than sartorius 
and a part of the rectus femoris, 

Again, excitation of the central end of the nerve to one head of the gastrocnemius evokes contraction 
in the hamstring muscles more readily than in the gastrocnemius itself and the soleus. 

Again, excitation of the plantar nerves evokes contraction more readily in the pre-tibial muscles 
than in the post-tibial group, though segmentally they belong rather to the post-tibial group than to the 
pre-tibial. 

It can be said, that of the movements of the limb, some are easily provoked by spinal reflex 
action, some only rarely and with difficulty. Among those induced as primary spinal reflexes (the 
cord being transected above) are, in order of facility of production in my experience :— 

In the upper limb : 

retraction of upper arm. 

flexion-adduction of thumb. 

extension of wrist (especially in Cat). 

adduction at shoulder. 

flexion of elbow. 

flexion (less often extension) of digits (always in accompaniment to flexion-adduction 
of thumb). 

slight pronation of forearm (especially in Cat). 

abduction at shoulder. 

extension of elbow (rare). 

less common is flexion and some pronation of wrist. 

In the wer limb: 

flexion of hip. 

flexion of hallux. 

flexion of knee. 

adduction at hip. 

flexion (less often extension) of digits (always in accompaniment to flexion-adduction 
of hallux). 

flexion—less commonly plantar flexion—of ankle. 

less common is extension of hip. 

abduction of hip (not common). 


extension of knee (rare). 


The preponderance of the above movements over others in the limb is exemplified in the 


following summary of movements, commonly evoked by excitation of various peripheral nerves in 
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the limbs. ‘The transection of the cord had, in most of the cases on which the summary is based, 


been made from a few days up to six months prior to the observation. 


Internal saphenous nerve in highest third of thigh (Monkey) evoked flexion of hip; flexion of 
knee. 
Internal saphenous nerve just above knee (Monkey : cord cut at VIth thoracic level five months 
previously) evoked flexion of hip, adduction of thigh, slight flexion of knee, movement of tail to the 
homonymous side. 

Internal saphenous nerve at knee (Dog), flexion of hip, with some feeble flexion of knee (Cat) ; 
flexion of hip, especially due to fascialis and upper part of sartorius of quadriceps, with some flexion of 
knee, and usually some dorso-flexion at ankle. 

Internal saphenous nerve at the ankle (Monkey), flexion of hip, with slight flexion at knee. 

External saphenous nerve near ankle evoked flexion of knee, flexion of hallux and toes, depression 
of tail, sometimes abduction of tail. 

The most lateral digital branch from the musculo-cutaneous on the dorsum of the foot evoked 
flexion of hip, slight action of hamstring muscles, slight dorsal flexion of ankle. 

Internal plantar at heel (Monkey) evoked dorso-flexion of ankle, flexion of hallux (less easily 
flexion of short digits as well), flexion of knee, slight flexion of hip. 

Internal plantar at heel (Cat), dorso-flexion of ankle and flexion of knee. 

External plantar at heel (Monkey) evoked dorso-flexion of ankle, flexion of hallux and digits, 
flexion of knee, and some flexion of hip; (Cat) dorso-flexion of ankle, with slighter flexion of knee. 

Cutaneous branch of musculo-cutaneous at annular ligament ; dorso-flexion of ankle, with some 
inversion of foot; slight flexion at hip and knee. 

Hamstring nerve evokes flexion at knee and hip, with generally crossed extension of knee and 
ankle, including contraction of extensors of knee and relaxation (inhibition) of the hamstring muscles. 

Nerve to outer head of gastrocnemius (Cat) evokes usually contraction in the dorsal flexors of 
ankle, less usually contraction in gastrocnemius itself, and very usually contraction in the flexors of the 
knee. 

Peroneal nerve at knee (Monkey) evokes flexion of knee and hip, dorsal flexion of ankle, and 
flexion of digits; abduction of tail. 

Peroneal nerve at knee (Cat), flexion of knee, hip, and dorso-flexion of ankle. 

Popliteal nerve at knee (Monkey) evokes flexion of knee; tail abduction ; adduction of both thighs. 

Popliteal nerve at knee (Cat), flexion of hip and knee, generally extension of opposite knee. 

Dorsal branch of ulnar on hand evokes flexion of digits, extension of wrist, pronation (slight) of 
forearm, flexion of elbow, some retraction at shoulder, and extension of opposite elbow. 

To these may be added the list of root reflexes, pp. 124-127, above. 


It is very obvious from the above that in these spinal reflexes of the limb certain limb 
movements are of very preponderant occurrence; in other words, certain functional groups of 
motor neurons are less easily excited than others by the incoming local impulses. SANDERs-Ezn,* 
SCHLOEsSER,t and Lomparp{ have pointed out how difficult it is to evoke extension of the knee 
as a spinal reflex movement. In a previous paper I noted that in the Monkey the representations 
of movement in the cord, as tested by excitation of the ventral spinal root, and of the dorsal 
(afferent) root, do not coincide; in fact, by no means coincide. SanpERs-Ezn,§ Lomparp,|| and 
myself have pointed out that the movement elicited by excitation of the afferent root is often 


widely different, or even the converse, of that evoked by excitation of the efferent root corres- 


* Loc. cit. || ‘Archiv f, Physiol.’ 1885. 
+ ‘Archiv f, Physiol.,’ 1880. q ‘Journ. of Physiol, vol. 13, p. 621, 1892; (recently 
t Loc. cit. P. May, ‘Phil. Trans.,’ B, 1896, C.S., 1897). 


§ Ludwig’s ‘Arbeiten,’ 1867. 
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ponding. The list of reflex movements gives many examples, In Monkey, the VIth 
post-thoracic afferent root provokes flexion of ankle; the corresponding motor root gives 
extension at ankle. The VIth post-thoracic afferent root evokes flexion of hip; the correspond- 
ing motor root gives extension. ‘The Vth post-thoracic afferent provokes flexion of knee; the 
corresponding motor, extension at knee. In the Cat, VIIIth post-thoracic afferent provokes flexion 
at hip and dorsal flexion of ankle; the corresponding motor, extension at hip and plantar flexion 
at ankle. VIIth post-thoracic afferent elicits flexion at hip and knee; the corresponding motor, 
extension at hip and knee. The VIth post-thoracic afferent root evokes flexion at knee and hip ; 
the motor, extension. "The Vth post-thoracic afferent, flexion at knee ; the corresponding motor, 
extension at knee. In the Monkey, VIIth cervical afferent very frequently evokes flexion at elbow ; 
the VIIth motor root gives, on the contrary, extension of elbow. In the Cat, the same roots also 
give conversely flexion and extension at wrist. The IInd cervical afferent root evokes turning of 
the head to the opposite side; the motor root produces lateral flexion of the head to the same 
side. SANDERs-Ezn’s phenomenon of the predominance of flexion over extension at knee-joint 
is well illustrated by the case of two monkeys examined in the laboratory almost daily for three 
months after transection in the thoracic region. Hardly once in all that time was homonymous 
extension of the knee elicited from either, although flexion at knee was day after day easily 
elicited. In the Dog I have sometimes failed to find any motor root or set of motor roots which 
gives flexion at the knee, extension always predominating; yet flexion at knee is easily obtained 
in the dog as a reflex from almost any nerve in the whole limb, or by a stimulation of almost any 
part of the skin of the limb, as was noted by FREUsBERG* in his well-known account of reflexes 
obtainable from the lumbo-sacral cord of the dog. Again: the blow on the tendo patella which 
evokes the direct (WeEsTPHAL,t WaLLER{) spasm of vastus medialis and crureus§ called ‘knee- 
jerk,’ fails to elicit a true reflex contraction of those muscles, although frequently evoking a true 
reflex contraction of the hamstring muscles, which, as LomBarp|| has shown, succeeds the direct 
extensor spasm. ‘That this hamstring contraction is a true reflex can hardly be doubted, in view 
of the extreme facility with which the hamstrings are reflexly excited, and also in view of a fact 
I have often seen, that the hamstring contraction evoked by the tendon tap occurs even when the 
dissected hamstrings, altogether freed at their lower ends, are lying slack, and when their own 
afferent roots have been cut through. 

Again, the movement evoked by a lower sacral or coccygeal afferent root is often an 
abduction of tail in absolutely the reverse direction of that given by excitation of the correspond- 
ing motor root. 

The list suffices to illustrate the point, a corollary from the previously given rule; and it 
emphasizes what I have already insisted on, the negation of the view (Os. Potimanti, R. 
RussELL) that in the movement produced by direct excitation of a whole motor spinal root we 


reproduce a functional movement of high co-ordination. 


* Pfliiger’s ‘Archiv,’ vol. g. § Sherrington, ‘Journ. of Physiol.’ vol. 13, p. 621. 
ft ‘Archiv. f. Psych. u. Nervenkrank.,’ vol. 5, p. 803. || ‘Journ. of Physiol.,’ vol. 10, p. 122. 
{ ‘Brain,’ vol. 3, p. 1793 ‘Journ. of. Physiol.,’ vol. 11, p. 384. 
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This inequality of excitability usd local reflex paths, evidenced by the motor neurons of 
muscles acting antergetically about a joint, is not similarly great for all joints ; thus, the inequality 
between flexors and extensors of knee seems certainly greater than between extensors and flexors 
of hip, and than the inequality between extensors and flexors of elbow. It is not to be forgotten 
that this inequality may be less an inequality of accessibility to impulses or influence, than an 
inequality of distribution of excitor impulses, influence being brought to bear on the other 
neurons, but in the sense of inhibition, as is certainly the case in some instances (see pp. 165, 
166). It is significant that the arrangement is not that all the muscle groups about one joint are 
relatively inaccessible, and all the groups at another joint accessible, but that the difference is 
between antagonistic groups acting about one and the same joint. 

Quite in accord with their difference in degree of approachability by local afferent 
channels of short paths, is the difference of degree of amenability to local play of tonic influence 
exhibited by various sub-groups of motor neurons. In illustration, I give the following :—The 
cord having been transected in the lower thoracic region, the Monkey frequently develops, in the 
course of some weeks, marked rigidity of the lower limbs. Certain muscles become spastic and 
rigid, and gradually cease to be ever fully relaxed, and structural rigidity may in time supervene. 
The hypertonic and rigid muscles are especially the flexors of the hips and of the knees. In five 
months’ time, the position permanently assumed by the limbs is as follows: they are drawn up 
and somewhat crossed. “The flexion of hips and knees may be extreme, the adduction of the 
thighs is less. I cannot myself escape the conviction that the position assumed by the limb, and 
the late rigidity itself and its distribution in the musculature, is the natural outcome of the fact 
that after the cord had been sundered from the brain the inequality of incidence of the local 
stream of centripetal impulses—and the fact that at its embouchement it selects, employs, and 
discharges motor neurons for flexion of hip and knee, and neglects the antergic extensors—leads, in 
due course, to a permanent upset of balance between the two, in which relative over-action is 
continuous in the one, and atrophy, yielding and under-action, existent in the other. In one 
Monkey the amount of rigid flexion of the hips and knees was unequal on the two sides, the left 
hip and knee being kept more. flexed than the right: in this animal, reflexes were more easily 
elicited from the skin of the left limb than of the right, but owing to the more rigid condition of 
the left limb, the movement obtained was generally less in the left than right limb. It was, in 
fact, contrary to a rule given (p. 161), easier to obtain movement of the right hip and knee from 
many parts of the skin of the left limb than from the skin of right itself. From the front of the 
left thigh, flexion of the left hip and adduction of the right thigh, with slight extension of the 
right knee, could be regularly evoked. The greater rigidity was, therefore, present in that limb 
which possessed the greater sensitiveness. This supports, therefore, the view of the spinal reflex 
origin of the late rigidity which I here put forward. ‘The same explanation, with little modifi- 
cation, may apply to the later rigidities occurring in limbs, subsequent to lesions of the limb areas 


of the cortex cerebri. After reading the recent admirable account by HERMANN Munk,* of 


* ‘Sitzb. d. Konigl. Akad, d. Wiss. zu Berlin,’ 1895. 
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rigidities after cerebral ablations in the Monkey, I should quite agree with him that in the 
constant assumption of the sitting pose in cramped cages, an important adjuvant condition in the 
production of late rigidity in the Monkey has been discovered by him. At the same time, in the 
occurrence of late rigidity of the lower limbs after spinal section, I look upon a natural inequality 
of reflex spinal play in, or employment of, individual spinal mechanisms (e.g., reflex spinal flexion 
of knee, and reflex spinal extension of knee respectively), and the gradual, almost inevitably 
resulting loss of functional balance between antergic sets of spino-muscular apparatus as the prime 
factor. For instance, flexors of the knee become contracted when the cord is transected, because 
extensors, practically inaccessible to spinal reflexes of short path and of ordinary stimulus-intensity, 
never exert that normal maximal stretching which, even if artificially given from time to time, 
successfully defers their surrender to contracture. My view is that the contracture is the 
expression and result of the over-balance of the spinal tonus of the extensors of hip and knee by 
that of the flexors. ‘The normal tonus of the skeletal muscles when the nervous system is intact 
has, doubtless, spinal, cerebellar, and cerebral factors, which are in it algebraically summed. In 
the spinal experiments now under consideration of these several factors, only that of the cord 
itself is effective, the transection having cut off all the others, and in these contracture experi- 
ments necessarily only that of the lower half of the cord. That remnant of the normal tonus I 
refer to as spina/ tonus, in contradistinction to the tonus described at p. 163 in this paper, ensuing 
on ablation of the cerebral hemispheres, which I term decerebrate tonus, also in contradistinction to 
that tonus which I term decerebellate ensuing on removal of the cerebellum. The late rigidity 
of paraplegia in the Monkey is an expression of the upset of balance of the spinal tonus in 
antagonistic muscle-groups. I look upon its origin as of reflex* nature, and this is borne out by 
the fact that in my Monkeys it could, in its earlier stages, .e., before structural changes in the 
muscles set in, be set aside by chemical anzsthesia, and by applying an Esmarcu bandage to the 
limbs. ‘The unequal degree of spinal tonus, zdem aliter of spinal reflex action is, in my view, of 
prime importance in the production of late rigidity. 

This view appears to me consonant with, although widely removed from, that advanced by 
H. Munk. It harmonizes with his view in so far that confinement in a cramped cage might still 
further reduce the opportunity for extension of the knee or hip, even when that movement 
occasionally arose. It may be objected that if, as I urge, there is a considerable and constant 
difference in spinal excitability between the motor spinal centres for flexors and extensors, eg., at 
hip and knee, such should be demonstrable ; but, as I have shown,f strychnia spasms involve 
extensors and flexors, ¢.g., at knee and ankle, synchronously and impartially, although according to 
doctrine{ of reflex spinal origin. It is, of course, well known since SANDERs-Ezn§ (1867) that 
the very spinal nerves whose motor roots by direct excitation produce extension of knee, when 
reflexly excited evoke flexion of knee; on the other hand, I am not convinced that in the 
Mammalian cord strychnia spasms are always of purely reflex nature. ‘The spasms of asphyxia are 


often certainly not reflex, but direct ; and in spite of the excellent experiments of H. E. Herinc 


* ¢Proc. Roy. Soc.,’ vol. §3, 1893. ft Compare lately Ewald Hering, Pfliiger’s ‘ Archiv,’ 1893. 
+ ‘Journ. of Physiol.’ vol. 13, 1892. _ § Ludwig's ¢ Arbeiten, “ Sitzungsb, d. Sachs. Ges. d. Wiss.”’ 
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in the Frog, I have in a number of experiments found the exhibition of strychnia still produce 
spasms, when the possibility of asphyxial complication has been avoided, after all the afferent roots 
belonging to the whole length of the isolated spinal cord below transection had in the Cat and 
Dog been cut through, and when it has been proved by subsequent dissection that not a single 
afferent root filament had been left.* This result is obtained even when a period of six to seven 
hours is allowed for subsidence of the current of injury in the severed nerve-fibres of the afferent 
roots. I think, therefore, these experiments prove that strychnia acting upon a portion of 
Mammalian spinal cord that has been severed from the brain, can excite the motor neurons in it 
either directly or induces in them some autochthonous excitation. ‘That this mode of excitation 
does not discriminate between these functional groups of neurons in the same manner as excitation 
of the posterior roots, is interesting, but not opposed to the above view. On local reflex action the 
activity of the flexors at knee and elbow predominate over the extensors. Conversely in strychnia 
spasm the extensors predominate. In most local spinal reflexes, as I pointed out some time since,t 
only one set of an antagonistic muscle-couple contract ; in strychnia spasm, when severe, both sets 
usually contract synchronously. 

In the same way, asphyxia, especially when produced rapidly, evokes discharge of the 
motor neurons of the cord, and the discharge produced by it is of both extensors and flexors, and 
occurs as readily when all the afferent roots of the limb have been severed as when the afferent 
roots remain intact. “The chemical excitation of the asphyxial condition so far resembles that of 
strychnia that in contradiction to the tonic conditions under discussion here, it is due to an 
excitation not conveyed vd the afferent roots, but must be autochthonous in the grey matter of the 
cord. I do not mean to infer that these two modes of chemical excitation act entirely similarly, 
and, indeed, there is obviously a predilection in the case of strychnia for the motor cells of the 
somatic muscles, in the case of the asphyxial condition for the visceral muscles (e.g., the arrectores 
pilorum), or rather for the spinal motor neurons of the sympathetic ; I mean, merely, that both 
stand out together in strong contrast with such a condition as decerebrate rigidity following removal 
of the cerebral hemispheres, for in this last the contraction of the extensors of elbow and knee 
can be almost immediately reduced or abolished by severance of the afferent roots of the spinal region. 

Again, extensors of the knee appear more readily excited from the cortex after severance of 
the lumbo-sacral afferent roots. In our experiments on the influence of the sensory roots of the 
limbs on the co-ordination of their movement, Dr. Morr and myself noted{ that, in the 
co-ordination produced, proneness to extension of the knee played a part. Dr. Morr allows me 


to mention this, and it will be dealt with more fully in our complete paper, still to be published. 


* In saying the above I do not intend to controvert the likelihood that under ordinary circumstances the convulsions of 
strychnia-poisoning are largely of reflex origin. H. E. Hering has thoroughly shown that strychnia convulsions are set in 
abeyance by severance of the afferent nerve-roots. In my experiments large doses were given, and the object of the experiments 
was to decide whether, in the absence of sensory paths and without the concurrence of asphyxia—which latter of itself can 
produce autochthonous convulsions—strychnia can still produce spinal convulsions in Mammals: it does. roth July, 
*1897.—C.S.S. 

t ‘ Journ. of Physiol.’ vol. 13, p. 621, &c., 1892. { ‘Proc. Roy. Soc.,’ vol. 57, 1895. 
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Motor Cells exhibiting in the self-same Segment marked Inequality of Accessibility to local reflex 
pressor Impulses, innervate antergetic Muscles. 

Of the functional groups of motor neurons in the cord, some, in view of the actions of the 
muscles they innervate, may be termed synergetic with some, antergetic to this or that other. 
Those of the flexors of knee may thus be said to act in synergy with those of the flexors of the 
hip, but in antergy to those of extensors of knee ; also in a certain measure to those of extensors 
of hip. These last are in synergy with the extensors of the knee, but in antergy to flexors of hip ; 
also in certain measure to those of knee. The groups of motor neurons which in one and the same 
spinal segment exhibit marked inequality of local reflex excitability innervate antergetic muscles. So much 
is this the case that in reflex movements of local spinal origin, it is the rule for only one set of an 
antagonistic couple of muscles to be thrown into contraction, and especially for only one group of 
antagonistic groups to be contracting at the same time. I have already alluded to this, and pointed 
it out in a previous paper,* but will add here further illustrations. 


Flexion of ankle by dorsal flexors, the post-tibial and crural muscles remaining absolutely without 
contraction, in response to excitation of internal plantar nerve (or external plantar, or cutaneous of 
musculo-cutaneous generally). 

Contraction of those parts of quadriceps extensor (rectus internus and fascialis) which flex the hip, 
while the part that extends the knee remains absolutely without contraction, in response to excitation 
of long saphenous nerve. Contraction of flexors of elbow, the tricepst remaining quite flaccid. 

Contraction of the triceps of the arm, while biceps and brachialis remain absolutely without 
contraction, in response to excitation of the afferent root of the VIIIth cervical nerve. 

Contraction of the extensors of the wrist, the flexors remaining absolutely without contraction, in 
response to touching the fore-pad of the Cat. 

Contraction of the flexors of the elbow, the extensors remaining absolutely without contraction, in 
response to thermal stimulation of the palm (Cat). 

Contraction of the adductors (pector. maj. and latiss. dorsi) at shoulder, the abductors remaining 
quite slack (deltoid). 


In dealing with rules of irradiation in spinal reflexes, I have mentioned reasons for believing 
the groups of motor neurons innervating small pieces of musculature, acting synergetically upon 
the self-same joint, to be commonly treated by the spinal action as entities, and employed as units 
in these spinal reflexes. From that and the foregoing it follows that in adjoining spinal segments 
the groups of motor nerve-cells contemporaneously selected for excitation by spinal reflex action 
are synergetic, not antergetic. ‘This is, of course, the reverse of what, since Winstow{ and 
DucHENNgE,§ has been common belief concerning the co-ordination of ‘ willed’ movements of Man, 
but it agrees with the co-ordination which I have proved to take place in the Frog.|| I have 
shown that in the limb, while for muscles antergetic at the distal joints the groups of motor 
neurons largely overlap each other in segmental position, the groups of muscles antergetic at the 
proximal joints of the limb do not so largely segmentally overlap. Hence the reflex spinal 
discrimination between motor neuron-groups for the antagonistic musculature of the proximal 


limb-joints involves a field wider than merely three adjoining segments. 


* ¢ Journ. of Physiol.,’ vol. 13, p. 621. § ‘Physiologie des Mouvements.’ 
+ Except for a part which retracts the arm without extending the elbow. Paris, 1867. 
{ ‘An Anatomical Exposition of the Structure of the Human Body.’ 4to. || ‘ Journ, of Physiol.’ vol. 13, 1892. 


London, 1749. 
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But not only are certain of the movements about a single joint opposed to each other, 
certain movements at one joint are opposed to certain movements at neighbouring joints. “Uhus 
the extensors of the knee may be called antergetic not only to the flexors of the knee, but also 
to the flexors of the hip. In such cases the rule above given still holds. The groups of motor 
neurons selected by the reflex action as it irradiates over spinal segments lying apart in the limb 
series are still those of synergetic muscles. For instance, while the reflex movement evoked by 
excitation of the IVth post-thoracic afferent root, or that responsive to the long saphenous nerve, 
usually primarily contracts the flexors of the hip, it involves next, not the antergetic muscles in the 
nearest spinal segments (e.g., vasti and crureus), but neglects these and embouches into the 
synergetic of more distant segments, ¢.g., the hamstring muscles. In this way, the reflex action, by 
its spread, develops a combined movement, synthesizes a harmony.* Broadly put, there is elicitable as a 
pure spinal reflex from the lumbo-sacral region, but one movement of the limb as a whole. ‘This 
movement is a combined movement of general advance and flexion of the limb. It is combined 
of flexions of hip, knee, ankle (dorso-flexion), and digits. “These components of the combined 
movement appear, in accordance with the rule of segmental proximity, to be each rather more 
readily elicitable vi@ afferent roots of the segmental locality of their own motor neurons, than wd 
roots belonging elsewhere. Nevertheless each, when the. excitation is pushed, tends to have 
associated with it more or less of the rest of the general movement of flexion. It is hardly too 
much to say that there is in this limb-region of the cord of, for instance, the Dog, from the point 
of approach of the local afferent channels, but one motor centre, and this the one which produces 
general flexion of the limb. Into it at one point or another lead all and each of the afferent 
channels which provoke movement of the limb at all; and the outcome is therefore, broadly 
stated, monotonously flexion. Similarly, with the fore-limb the combined movement of flexion at 
elbow, extension at wrist, and flexion (¢.e., retraction) at shoulder, is the movement elicitable from 
the limb as its local homonymous spinal reflex action. There is, however, it is true, emphasis on 
or predominance of this or that detail, according as this or that particular nerve-root or nerve-trunk 
affords the particular channel of approach. ‘The arrangement of the intra-spinal resistance is such 
as to make certain functional groups of the motor neurons especially easy of access to, broadly 
speaking, all the afferent channels of the limb. Inasmuch as the motor groups thus found to be 
especially easy of access are such as, when synchronously active, give one harmonious movement 
of the whole limb—e.g., drawing it upward and forward by co-operative flexion at the various 
joints—these groups can be considered to constitute one large functionally-connected nucleus, 
which itself may constitute an entity in the co-ordination of the limb in the movements of the 
body taken as a whole.t It is conceivable that such a nucleus is dealt with as a whole, especially 


when the long cerebro-spinal arcs—ruptured in my experiments—remain intact. 


*TIt must be remembered, however, that the extensors at some joints are synergetic, not antergetic, to the flexors at other 
points ; this has been especially shown by H. E. Hering in an article published since this communication was sent to the Society. 
Hering calls such muscles pseudo-antagonistic to each other. An example of such action, especially studied by him, is the 
pseudo-antagonism of the extensors of the hand with the flexors of the fingers—10 July, 1897. C.S. S. 

+ This prediction was confirmed in two Notes communicated by me to the Society (‘Cataleptoid Reflexes in the 
Monkey,’ Proceed. of Roy. Soc., Dec., 1896. ‘Reciprocal Innervation of Antagonistic Muscles,’ Third Note, Dec., 1896), 
after the present paper had been sent in.—roth July, 1897. C.S.S. 
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Rue oF UNiIFoRMITY OF RESPONSE DESPITE SPATIAL VARIETY OF PROVOCATION 

From the above we are led almost as a corollary to a rule of uniformity of response despite 
spatial variety of provocation, for it is obvious that excitation of any one of a large number of 
afferent channels will evoke approximately the same movement in reflex response. 


Examples :—The digital nerves of foot or hand separately excited evoke the same movement, 
although their segmental value and root composition is severally very different, varying from 5 + 6 to 7 + 6 
in the foot, and from 6 + 7 ( + 8) to1 + 8 in the hand. The same result occurs when, instead of the 
nerve-trunks, various points of the skin of hand and foot are excited. 

Again :—If, in the Cat, the cord is divided at XIth thoracic level, and the afferent roots of IIIrd, 
IVth, Vth, VIth, VIIIth, [Xth, and Xth right post-thoracic nerves cut, the field of exsthesia of the 
right limb is that of the VIIth post-thoracic nerve. ‘The reflex movements elicitable from this field is then 
studied with special regard to difference of movement in result of difference of locality of stimulation. The 
field of remaining zsthesia includes whole of foot, the outer and (less) the inner aspect of the ankle, the 
outer aspect of the lower half of the leg, and the calf nearly up to the popliteal space. A slight pinch of 
the skin at any point within the whole of this area elicits a contraction in the hamstring muscles and in the 
median half of the gracilis ; this contraction is accompanied by flexion of the ankle, and by some spreading 
of the toes when the pinch is applied to the dorsum pedis or planta, especially the pad. The contraction 
in the hamstring muscles is chiefly in the inner hamstrings when the inner side of the foot, chiefly in outer 
hamstrings when the outer side of the foot, is the place of provocation. A deep reflex, ¢.g., a pinch of the 
tibialis anticus tendons, elicits the same contraction of medial half of gracilis as do the skin reflexes. A 
crossed reflex, exciting the crossed quadriceps extensor cruris, was obtainable from the whole of the skin area. 

Again :—If the afferent roots of the limb-region of the Dog are split up into a series of filaments, 
twenty-five in number, all fairly equal in size (I have prepared the filaments as follows :—IXth post-thoracic, 
one filament ; VIIIth post-thoracic, four filaments ; VIIth post-thoracic, six filaments ; VIth post-thoracic, 
five filaments ; Vth post-thoracic, three filaments ; [Vth post-thoracic, two filaments ; IIIrd post-thoracic, 
two filaments ; I{nd post-thoracic, one filament), excitation of each of these, except the first and sometimes 
the twenty-fifth, usually readily evokes flexion of knee, and from the uppermost twenty flexion of hip can 
usually be obtained. Sometimes each of the whole series of twenty-five will evoke flexion of knee. 

Again :—From the cervical afferent roots of the Monkey, by individual excitation in descending 
series, contraction of supinator longus muscle is obtainable from each in succession from I[Ird cervical to 
VIIIth cervical, though not usually inclusive of the latter. 


The rule which these examples illustrate may be briefly termed the rule of spatial 
monotony. It seems important enough to warrant the subjoined further illustrations, obtained 
from animals in which there was some depression of spinal reflex activity. The results on the 
Cat should be compared with the movements obtained from the motor roots of that animal by 
LancLey * and myself.t 

Cart :—Transection above Ist cervical ; the movements provoked by exciting the separate 


afferent roots were— 


right IXth post-thoracic root . . flexion of right knee. 

» MIIIth 5 5 0 i . 55 knee, hip, ankle, and toes. 
eV llth 5 5 — . »» knee, hip, ankle, and toes. 
. ViIth 5 a mn 55 knee, hip, ankle, and toes. 
a Vth 3 45 ae 3 > | Knee, hip. 

IVth 5 ‘ soe: - sy: hip, knee; 

” IIIrd »” »” S 9 »” » hip. 

» IInd »” » t—* » » hip. 


* ¢ Journ, of Physiol.,’ vol. 12, p. 366. + ‘Journ, of Physiol.’ vol. 13, p. 621. 
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Monkey :—Transection above Ist cervical— 


right IXth post-thoracic root . . flexion of great toe. 
eee Vv L1Ith 3 i ye 2 s great toe. 
6 Vilth - 5 fy 3 great toe, knee, and hip. 
* VIth 55 - $5 great toe, knee, and hip. 
‘ Vth a5 P. ae 55 great toe, knee, and hip. 
oe LV th - Ee be: se hip and knee. 
_ IIrd a Be ae * hip. 


Turning of the head and neck away from the side excited is obtained as a bulbo-spinal 
reflex from stimuli to nostril, lip, back of cheek, pinna, back of neck, or from nerve-roots, ¢.g., 
Vth cranial, Ist, IInd, IIrd, often from IVth and Vth, cervical nerves ; this movement is similar 
to that discovered as a cortical reaction by FERRIER, and studied by ScHAFER, Munk, and others. 
I would call it the wry-neck reflex. It is another example of an action usually considered to be 
peculiarly ‘cortical’ in character, but really pre-eminently represented also in the ‘lowest level’ 
centres, as HUGHLINGs JACKSON terms the bulbo-spinal. 

A very striking character of the reflexes elicitable from the isolated Mammalian cord is the 
machine-like want of variation with which, on repeating the stimulation, the movement is repeated. 
Of this fatality, temporal monotony, or monotonous repetition, it is not necessary to give further 
example than the flexion of thumb or hallux that follows uniformly each time the little finger or 
toe is pinched. It is true that after the first few repetitions (Bahnung) a slighter pinch than that 
required at first generally becomes adequate, or the reply from the same degree of stimulus becomes 
more extensive, and that after twenty or thirty repetitions an interval may ensue during which the 
movement becomes less, and may even be scarcely perceptible; then it returns again gradually, 
recovering, as it were, from fatigue. The breakdown due to fatigue appears to involve the afferent 
rather than the efferent apparatus, at least to affect it earlier, for, if another finger or toe be excited, 
the movement is at once elicited from it, in accordance with the rule of spatial monotony. 
Among the deep reflexes a good example of monotony of repetition is contraction of the median 
part of the gracilis muscle, which occurs each time one of the two tendons of the tibialis anticus 


muscle is nipped above the annular ligament (Cat). 


Tue ‘Marcu’ In SPINAL REFLEXES OF SHORT PatH 

The reflex movements elicitable from the Mammalian spinal cord after cross-section are 
often extremely brief—surprisingly so; in fact, as Fick* has pointed out in dealing with the 
dorsal nerves of the Frog, often like simple motor twitches. ‘The movements have seemed to me 
most brief when least vigorous and most limited in extent, more so in the Monkey in its early 
condition subsequent to cord-section than in the Cat and Dog under similar conditions. Stimuli 
that at first elicit only a single movement of a single joint, later elicit frequently a short sequence 
of movements about a series of joints; the capacity for developing a sequence is much earlier 


regained by the isolated cord of Cat or Dog than by that of Monkey. 


* Pfliiger’s ‘ Archiv,’ vol. 3. See also Erlenmeyer and Wundt. 
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For the sequence of movements in a spinal reflex the term which HuGHLINGs JACKsON’s 
writings on epilepsy introduced and have rendered classical will here be used—the march. As 
instances of ‘the march’ in spinal reflex movements may be given the following :— 


Excitation of afferent root of VIIIth post-thoracic (Monkey) gave flexion of hallux, with some 
adduction of it, followed by plantar flexion of ankle, followed by movement of tail. 

Pinching the back of the thigh towards its medial side high up elicited (Monkey) flexion and 
adduction of hallux, followed by flexion of knee, followed by movement of tail, accompanied by protrusion 
of anus. 

Touching the skin at the side of the vaginal orifice (Monkey) evoked depression of tail, accompanied 
by protrusion of anus, followed by flexion of knee, with some abduction of thigh, followed by flexion of 
hallux. 

A long-continued pinch of the pad will in the Cat sometimes induce a short series of alternating 
flexions and extensions of both hind-limbs, or simply a series of alternating flexions of the two ankles. 
In the Rabbit, similarly, a series of flexions of the ankles are sometimes elicitable, but—in accordance 
with the hopping progression of the animal—are not alternately, but bilaterally, symmetrical. These 
reflexes can sometimes be evoked by merely holding the animal up so that the paralytic hind-limbs 
hang. 

Touching the pad of the fore-paw evokes (Cat) flexion of all digits, then extension of wrist and 
pronation of forearm, then flexion of elbow, and retraction of shoulder. 

Pinching the outer edge of the sole (Macacus) evoked adduction and flexion of the hallux, 
accompanied by extension of the other digits at metatarso-phalangeal joints, followed by eversion of foot, 
with dorso-flexion at ankle, followed by flexion at knee and hip, accompanied by adduction towards 
opposite thigh, and, finally, slight depression of tail and adduction of opposite thigh itself. : 

Pinching the inner edge of the sole (Macacus) evoked adduction flexion of hallux, accompanied by 
extension of the other digits at metatarso-phalangeal joints, followed by inversion of foot, followed by 
flexion of knee, in which the inner hamstrings were chiefly concerned. 

Pressure close in front of heel ( Macacus) gave flexion of hallux and other digits, followed by plantar 
flexion of ankle, followed by flexion at knee. In one Monkey, stroking or blowing upon the hair of one 
flank evoked flexion of hip, followed by flexion of knee, followed by flexion of ankle and digits. 

From a spot in the perineum the following sequence was obtainable ; protrusion of anus, followed 
at once by elevation of tail, succeeded by lateral wagging of tail, continued for about 30 seconds ; evacua- 
tion of faeces sometimes followed ( Macacus ). 


In the Monkey, after spinal transection, it is quite rare for a moderate stimulus to provoke 
discharge of successive opposite movements at one and the same joint, ¢.g., those of lateral wagging 
of tail or alternating flexions and extensions of limb joints. ‘This is consonant with the rule that 
the groups of motor neurons most readily combined inf action by spinal reflexes are those which 
are synergetic, not antergetic. In Cats and Dogs, in whom the depression of spinal reflex action 
is not so severe as in Macacus, the spinal reflexes in their march do combine and discharge, 
especially in the hind-limbs—where depression is less than in fore-limbs—antergetic groups of 
neurons in the course of their march, but not (my own experience is never) contemporaneously, 
though often successively. Hence the a/ternating discharges, which, though very rare in Macacus, 
are common and characteristic of the reflexes of the hind-limbs and tail of Cat and Dog, and of 
the Guinea-pig and Rabbit. In these alternating discharges only one group of an antagonistic 
couple is discharged at a time. These alternating discharges are especially prone to appear when 
the stimulation is prolonged. An excellent illustration of this is given by Cat or Dog when one of 
the hind-paws is pressed between finger and thumb, and continued to be held even after the flexion 


of ankle, knee, and hip which results ; alternating extensions and flexions of the limb then occur, 
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giving exactly an appearance of the limb struggling to get itself free. FREUSBERG’s* ‘beating- 
time’ reflex (Dog), which can also be studied in the Cat, is another example. The ‘tail-wagging’ 
reflex, even in isolated tail cord, which I have seen also in the Monkey, is another. ‘The flicking 
backwards and forwards of the ear in the Cat is another. I would distinguish carefully between 
these reflexes, with ‘alternating discharge’ in antagonistic muscles, and the discharge which is 
merely clonic in character. 

It is true that the spinal ‘march’ is much more restricted, both in time and place, in the 
Monkey than in other lower laboratory animals, Thhis is an indication of the extent of the shock 
and of isolation-alteration, both greater in Monkey than in the other types. Yet in a Monkey, 
after a complete spinal transection in the VIIIth post-thoracic segment, I have seen, fourteen days after 
the transection, alternating side to side movements of the tail evoked by excitation of the skin near the tip 
of the tail. I have never seen freer wagging of the tail, even when the cord was transected at 
high thoracic levels, The centre must have lain at the extreme apex of the cauda equina. 

_ No better example could be of the s/ightness of solidarity possessed by the isolated cord of the 
Monkey as a whole: the reactions obtainable from one local region are not notably increased 
or more facile when in addition to that spinal region a large part of the adjoining cord remains 
attached to it, than when it is isolated and remains by itself apart from all other regions of the 
cord. ‘The individual regions of the Mammalian cord, eg., the limb regions, seem to contain 
comparatively few parts in their mechanism which are intimately dependent on elements in other 
regions of the cord outside their own. 

It is noteworthy that in the Monkey it is usual for some movements, e.g., the flexion of 
elbow and flexion of knee, to be, although feeble and difficult to elicit, curiously prolonged and 
deliberate, the new position assumed by the limb only slowly being relinquished. This character 
is even better seen, and sometimes is developed to an extraordinary degree, when the transection, 
instead of being post-bulbar in position, is pre-pontine. 

The above examples served to show that the rule of segmental proximity operates potently 
in determining the starting place of the march, 7.e., determines the /scus of the initial and leading 
movement. Also, that in its progress the march of a spinal reflex, even along short paths, does 
not exclusively observe PFLUGER’s 4th law, but travels down as well as up the cord. Also, that 
of two movements evoked which, segmentally considered, are distant, and in the same direction 
from the starting point, the appearance of the more distant movement rarely precedes that of the 
less distant, provided the two be in the same lateral half of the body. “The upward and down- 
ward spread suggests a relation to the intraspinal bifurcation of the afferent root-fibres discovered 
by FrirHjor Nansen (1887),t and confirmed by Caja (1889).{ 

The nerve-cells for the extensors of the knee, rarely as they initiate, i.e., are primary, in 


any spinal reflex, are frequently involved in the latter progress of the march. Thus flexion of 


* Pfliiger’s ‘ Archiv,’ vol. 9. 
+The Structure and Combinations of the Nervous System of Amphioxus,’ ‘ Bergen’s Museum Arsbereting’ for 1886. 
Bergen, 1887. 
t ‘Contribucion al Estudio de la Estructura de la Medula espinal,’ ‘ Revista trimestral de Histologia normal y patologica,’ 


March, 1889. 
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the knee, combined with flexion of hip and ankle, is frequently followed by, and gives way ‘to, 
extension of knee, hip, and ankle; extension at hip is perhaps the most frequent of these extensions. 
It is noteworthy that in Cat, as I previously pointed out in Frog,* the extension is rapid in onset, 
short in duration, and rapid in disappearance—a kick in fact—as compared with the contraction 
in the flexors. 

For instance, following flexion of the knee, extension frequently occurs in the march of 
the spinal reflex, started from a pinch of the idio-lateral foot; similarly, it may rapidly follow 
extension of the hip ; or, as a crossed reflex, it may follow and accompany flexion of hip and knee 
of the opposite side, and in this last case may initiate an alternating ‘extension-flexion’ reflex in the 
limb of its own side. ‘The relation between the neurons of extensors and flexors at elbow is much 
the same as between those of extensors and flexors at knee, the flexors of elbow corresponding 
with flexors at knee. But the difference between flexors and extensors at elbow does not seem 
to be quite so pronounced as between flexors and extensors at knee. In its behaviour in spinal 
reflexes, the brachial triceps resembles the extensors of the knee, also in its crossed relation with 
the flexors of the opposite elbow. In the Cat, contraction of the triceps brachii, as a primary 
idiolateral local reflex, is rare, but it is quite usually occurrent as the primary contraction of the 
crossed fore-limb, while contraction of the flexors of elbow is the primary contraction in the 
homonymous fore-limb. But I have seen flexion of the opposite elbow occur on rare occasions 
in response to strong excitation of the fore-paw of one side in the Cat. 

In the Rabbit, extension of the knee is still rarer as the primary movement of a spinal reflex 
than even in Cat and Dog, but, on account of the relatively slight depression caused by spinal 
transection in the Rabbit, it is a very frequent movement in the course of the ‘march’ of a spinal 
reflex. It does not, however, occur nearly so frequently—in fact, I have never yet seen it occur 
as the initial movement of the crossed side in the Rabbit—for in Rabbit, flexion of the knee and 
hip seem the primary crossed just as they are the primary idio-lateral reflexes. This is in obvious 
relation to the mode of progression of the animal. ‘Thus, in Rabbit, a pinch of the tail will 
cause symmetrically bilateral flexions, followed by extensions of the hind-limbs, although in the 
fore-limbs flexion of one fore-limb occurs with extension of the opposite fore-limb. _ Pinch of one 
foot will evoke flexion of the knees and hips of both sides, instead of flexion of idio-lateral and 


extension of contra-lateral knee, as is usual in the Cat. 


Lone InrraspInaL Patus 
Throughout the course of the above, I have refrained, as far as might be, from reference to 
reflexes of long intraspinal path. The functional regions of the cord may, for convenience, be 
considered right and left of (1) neck, (2) fore-limb, (3) trunk, (4) hind-limb, and (5) tail (see p. 
139). By a ‘long intraspinal path,’ I mean one which connects together any two of the said 
regions without involving cerebellum or cerebrum. 
Examples of reflexes involving long intraspinal paths are :— 


Cat :—Spinal transection above IInd cervical level: compressing left fore-paw between fingers 


* “Lumbo-sacral Plexus,’ ¢ Journ. of Physiol.,’ 13, 1892.’ 
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evoked extension of wrist and flexion of elbow, succeeded by extension of left hip with some abduction 
of it, and usually some flexion of left toes. No movement elsewhere. 

Cat :—Transection as above. 

Stimulation of either fore-pad evoked lateral abduction of tail, generally towards the side of the 
foot excited ; no movement elsewhere, except in fore-limb excited. 

Cat :—Transection as above. 

Stimulation of either fore-pad, by touching with a wire, evoked, in addition to movement in same 
fore-limb, flexion in hip of same side, quickly followed by extension of both hips, with some abduction 
of both hips. 

Cat :—Transection above Ist cervical. 

Pinching pinna with fine forceps, near the tip, evokes movement in the fore-limb of the same side. 
The stimulus is more effective near the tip than elsewhere, and is ineffective along the front and root of 
the pinna (owing to section). Stimulation of pinna is competent, even when IInd and II[Ird cervical 
nerves have been severed. Excitation of the central ends of Ist, IInd, or I[Ird cervical nerves has an 
effect equivalent to pinna. ‘The movement provoked is sometimes flexion, but more usually is extension 
of wrist and flexion of elbow, with some pronation of forearm ; or extension and flexion may alternate 
for a short time in a clonic manner. No movement in the other limbs. 


- Cat :—Cord cut above Ist cervical. 
Mechanical or thermal excitation of pinna of either ear evokes clonic flexion of hip, knee, ankle 
(dorsal-flexion), and toes of the same side. No movement in any other limb nor in the tail, but a 
retraction of the abdominal muscles which appears to be bilateral. 


Cat :—Cord cut as above. 

Mechanical or thermal excitation of pinna evokes a clonic abduction and extension of both lips 
earlier and stronger on the same side of the pinna excited, and accompanied on that side only by flexion 
of the pedal digits. 

Cat :—Cord cut as above. 

Excitation of pinna evokes following sequence of movements :— 

1. Extension of elbow and of wrist in the fore-limb of the same side as the excitation. 

2. Flick of tail generally to same side as the side of excitation. 

3. Extension of hip, knee, and ankle of same side as excitation, often clonic. 

4. Extension of hip, knee, and ankle of opposite side to that of excitation, feebler, often 
clonic. No movement in opposite fore-limb. 


Dog :—Cerebrum and cerebellum removed. ‘Touching nostril evokes turning of the neck and 
head to the opposite side. 

Cat :—Cord cut half way up the bulb; touching the spinna causes the head and neck to be turned 
towards the opposite side. 

Cat :—Cord cut above Ist cervical. Stimulation of either IInd cervical nerve just beyond 
ganglion, evokes extension of wrist and forearm of same side as nerve excited, and flexion of hip, knee, 
ankle, and toes of same side: latter succeeded by extensor sweep of hip and ankle (a kick), and then 
returning to flexion again. ‘The opposite hind-limb sometimes follows the idio-lateral one, executing a 
similar movement, alternately with it. ‘The fore-limb movement is tonic, the hind-limb movement is 
clonic. ‘The movement did not spread to opposite fore-limb. 

Cat :—Cord cut as above. 

Weak faradic excitation of the central end of the small dorsal branch of the ulnar nerve on the 
hand produced extension of wrist, flexion of elbow, adduction forwards of arm, so as to turn paw across 
chest ; and evoked, a moment later, abduction and extension of hip of same side and some extension 
(plantar) of same-side ankle. 

Dog :—Cord cut as above. 

Excitation of either fore-paw evokes abduction and extension of hip and ankle of same side, quickly 
succeeded by similar movement of opposite hind-limb. ‘The same spread is not infrequently seen in the 
Cat, but more frequent is flexion of knee and extension of hip with clonic flexion of the digits. 

Cat :—Cord cut above Ist cervical root. 
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Excitation of either pinna evokes bilateral extension of wrists and elbows, the movement of the 
same side limb coming earlier and being stronger than that of opposite. 

Cat :—Cord cut above IInd cervical root. 

Excitation near xiphoid cartilage evokes bilateral extension of hips and ankles, more forcible and 
earlier in appearance on the side excited than on the crossed. 

Cat :—Cord cut above IInd cervical root. 

Excitation of skin of perineum provokes, besides movement of tail, an alternating progression 
movement of both hind-limbs, flexion of right hip alternating with extension of it, and coinciding in 
time with extension of left. Instead of this alternate movement of the hind-limbs, a synchronous bilateral 
extension of both hips and ankles, preceded by slight flexion of knees and similar to that got from 
abdomen, is not uncommon. 

Dipping fore-paw into warm water causes extension of wrist, flexion of elbow, then slight flexion of 
knee, and finally extension of hip and ankle. 

Dipping hind-paw causes slight flexion at knee, preceding forcible extension of hip. 

Dipping end of tail causes wagging of it. 


The above are reactions of frequent occurrence. “The direction of their spread is not in 
accordance with PFLUGER’s law,* but is aboral. ‘Thus, excitation started at fore-foot spreads to 
hind-foot and tail, but not upwards to neck ; excitation started in neck and pinna spreads to fore- 
limb, hind-limb, and tail ; started in hind-limb, spreads to tail, but not to fore-limb or neck. This 
is true for Cat, Dog, and Monkey. ‘The greater facility of spinal conduction in descending than 
ascending direction is regular and overwhelming in experiments carried out in the above- 
mentioned way, but yet a certain amount of long, upward spread is observable. Excitation of 
hind-pad in Cat occasionally evokes, besides movement in its own and opposite hind-limb, a feeble 
movement in the fore-limb of the same side; this movement is, in my experience, always 
extension of wrist and elbow with slight retraction of shoulder, “The same spread occasionally 
occurs on increasing excitation applied to VIth post-thoracic afferent root. Spread upwards is to 
the limb of the same side, never in my experience of spinal reflexes is it to the crossed fore-limb 
and not to the same side fore-limb, and never to either fore-limb without crossing to the opposite 
hind-limb. LucustncEr’st long diagonal spinal reflex between the limbs (in the Newt) I have 
never met in my experiments with Cat and Monkey. It is noteworthy that extension of elbow 
and knee, as uncrossed reflexes, are commoner by long spinal arcs than for short. 

The fourth of PFLtGER’s{ classical laws of spinal reflexion states that, with associated 
spinal reflex centres, spread is always easier from lower to higher, z.e., from more aboral to less 
aboral centres, than vice vers@. HH. Munx§ has expressed the opinion that impulses for touch 
irradiate easier in a direction from hind-limb to fore-limb. My own experience is consentient in 
traversing this fourth law of PFLticEer. It is well, therefore, while recording the fact, to note that 
after high transection of the cord, reflexes from the fore-limbs are usually not on the whole so 
freely evoked as from the hind-limbs and tail. It has often seemed that the motor neurons high 
up, and therefore nearer the transection, are less receptive of impulses, and are partially blocked or 


under ‘shock,’ especially for impulses arriving at them from sources outside their own local region. 


* Uber die sensorische Functionen des t Loc. cit. 
Riickenmarkes,’ Berlin, 1853. § ‘Sitzungsberichte d. Kon. Akad. der Wissench, 
+ Pfltiger’s ‘ Archiv,’ vol. 22, p. 179, 1880. z. Berlin, 1893. 
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Observations on the knee-jerk indicate* that, in the neighbourhood of a spinal transection, the 
short local reflex path and neuron may, although peculiarly free for and responsive to changes occur- 
ring in that short local path, be all the less open to and receptive for impulses approaching by other 
channels more distant and less local. The local reflex arc might, so to say, be so preoccupied in 
the business of its own local, and no doubt primary, circuit as to be deaf to reverberations of 
explosive changes at a distance. Excitation of skin of neck or pinna frequently spreads down 
the cord, and produces movement in tail or in hind-limbs without evoking a twitch in either fore- 
limb ; but, as stated above, fore-limb itself can easily be provoked to movement by excitation at 
the same source on other occasions. ‘That is to say, the downward impulses not unfrequently 
skip the motor neurons of arm to go to those further down. A point emphasized by the 
experiments is, that in the chain of spinal centres, the long paths of association connecting 
different levels are primarily uncrossed. 

This appears to hold not only for the numerous instances of descendant direction, but also 
for the scanty ones of ascendant direction. Crossed conduction, on the other hand, seems to exist 
mainly between segments of not widely different segmental level. Noteworthy is the observation 
that extension at hip, knee, and ankle is generally characteristic of the crossed reflex ; also that, 
when a movement is evoked in both hind-limbs by unilateral excitation applied at a distance, e.g., 
at one pinna, the movement is usually the same in kind in both hind-limbs—e.g., flexion of digits 
of both feet, extension of both hips, flexion of both knees—but is always the more extensive and 
powerful in the idio-lateral limb. Similarly, in the case of the fore-limbs, the bilateral movement 
evoked in them by excitation at a distance, 7.e., in some other spinal region, tends to be of 
symmetrical character, 7.c., extension of both elbows, &c. 

A remarkable phenomenon of constant occurrence, which illustrates the tendency of 
impulses to keep to the same side of the cord for considerable distances, is one which may for that 
reason be introduced here, although its explanation is not easy, and can only be offered after 
further experimentation. Application of fine electrodes to, or stabbing with a minute needle of, 
Go tv’s column at the extreme top of the cervical region, and also lower down, evokes movement 
in the hind-limb of the same side : this movement is nearly always in (Zacacus flexion of digits, 
in the Cat often flexion of knee. Movement of the thumb and fingers of the hand can be evoked 
by similar excitation of Burpacn’s column, always the hand on the same side only as the column 
excited. “The movement is still perfectly obtained after transection of the cord just above the 
point of excitation. It is cut out by transection of posterior column alone at various levels below 
the site of excitation. Anal movements are freely obtainable in this way from column of Gotti 
at the very top of the cord. The lateral columns of the cord, curiously enough, do not seem 
necessary to these movements, and I obtained them in one instance in which I had a pyramidal 
tract on one side hugely degenerated after ablation (in Monkey) of the whole Rolandic region. 
Yet the movements were at least as well obtained from the left (degenerated) side as from the 


right. A phenomenon that may be mentioned in this connection as also employing uncrossed 


* Sherrington, ¢ Proc. Roy. Soc.,’ vol. 52, 1892. 
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long paths, although not purely spinal, is movement obtainable in the same side fore-limb and 
hind-limb by faradizing the side of the superior worm of cerebellum. In this case, differently 
from many spinal reflexes, both sets in antagonistic muscles are usually employed (one relaxing, 
other contracting— reciprocal innervation ’).* I shall refer to this later in this paper. Its 
resemblance to the previous phenomenon may be but superficial. 

In my experience irradiation, ‘ spread,’ is easier down the cord from fore-limb to hind-limb 
than across the cord from fore-limb to fore-limb. On the other hand, from hind-limb spread 
seems always easier across the cord to the opposite hind-limb, than up to the fore-limb even of the 


same side. 


SPINAL Cross REFLEXES 

By ‘crossed reflex’ is understood a reflex involving travel of nervous impulses across the 
median plane of the cord. ‘The need for the definition will be obvious in what follows. 

The 2nd of Prrucer’st ‘laws’ of spinal reflexion—that termed the ‘law of symmetry of 
bilateral reflexes ’—states that if to idio-lateral movement there be added, in the course of a spinal 
reflex, contra-lateral, the latter is symmetrical with the former. “The Cat and Monkey afford 
several examples of this. 


Bilateral adduction of thighs ( Macacus ). 

Bilateral extension of hips, on stimulation of skin of abdomen (Cat). 

Bilateral abduction of hips, with some extension. 

Stimulus to fore-limb of Cat; very similar extension and abduction of thighs by stimulating 
IInd cervical root. 

Bilateral protrusion of anus by stimulating one side of the perineum. 

Bilateral extension of elbows and retraction of shoulders by stimulating pinna (Cat). 

Bilateral flexion of elbows with some supination of both forearms and a forward adduction of both 
fore-limbs, so that the paws cross each other in front of the chest, from stimulation of one fore-pad 
embrace reflex. 

Bilateral retraction of abdomen on stimulating the side of the chest or upper part of abdomen. 

Bilateral flexion of hips and knees on excitation of skin above an ischial tuberosity, in the Cat. 

Bilateral protraction of whiskers on excitation of skin of the face. 

But there are many and important instances which do not conform to the ‘law.’ A most 
important crossed reflex of progression elicitable from hind-limb of Cat and Dog does not conform 
to it. Under deep but not very profound anesthesia, it is a common thing in these animals for 
alternating flexion of the two hind-limbs to take place. In the Rabbit the flexion of the two 
hind-limbs, which occurs under similar conditions, is synchronous, not alternate. After spinal 
transection at the top of the lumbar region, the same alternating flexion and extension often is 
started by merely lifting the animal so that the hind quarters hang. If, when the movement thus 
started has ceased and the limbs hang inactive, one hind-paw is pressed, the leg is drawn up; and 
if the pressure be discontinued, or if the reflex activity is slight, the limb is let down again slowly. 
If the pressure be, however, continued or the reflex activity brisk, the drawing up of the limb is 
succeeded by movement of the opposite limb ; this crossed movement is usually extension of the 


knee, generally accompanied by extension of ankle (plantar-flexion), and slight extension at hip. 


* Sherrington, ‘ Proc. Roy. Soc.,’ 1893. + ‘Ueber d. sensorische Funct. d, Riickenm,’ Berlin, 1853. 
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That is to say, the flexors of the knee, so inaccessible, as stated above (pp. 145-146), to the local 
idio-lateral excitation, are delicately sensitive to contra-lateral. “The same result often follows 
electric excitation of either of the plantar nerves, of the cutaneous division of musculo-cutaneous 
nerve, and of the popliteal and hamstring nerves themselves, i.¢., idio-lateral flexion of knee, 
contra-lateral extension of knee. Sometimes bilateral flexion is obtained, and in the Rabbit, in my 
experience, crossed flexion instead of crossed extension is the rule. 

Again, excitation of VIth and of VIIth post-thoracic roots evokes flexion of idio-lateral 
knee, hip, and ankle, but extension of contra-lateral knee. Excitation of the perineal skin I have 
seen give the same. In this reflex there is produced on the crossed side not only excitation of the 
extensor muscles, but w/zbition of their antagonists. In Dog and Cat, when the flexion of one hip 
and knee, ¢.g., right, has been evoked and is in progress, contra-lateral excitation appropriately 
timed often relaxes the contracted flexors of the right limb. Similarly, when after ablation of the 
hemispheres (Cat, Rabbit), the extensor tonus, which I termed above, p. 150, decerebrate rigidity, 
has set in, excitation of the hind-foot of one side inhibits the contraction of the same side 
extensors of knee, but increases the contraction of the extensors of the opposite knee. And in the 
same way, at elbow, the triceps of the crossed side is increased in its contraction, while triceps of 
the same side elbow is inhibited even to the extent of reaching its post-mortem length. Graphic 
records show that with the contraction of triceps occurs active relaxation of biceps; with the 
contraction of biceps occurs active relaxation of triceps, and similarly with the antagonistic muscles 
of the knee-joint. Similarly, excitation of the side of the superior vermis or funiculus cuneatus 
(e.g. at calamus scriptorius) causes, during the state of decerebrate rigidity, relaxation of the same 
side triceps brachii with contraction of the same side flexors of elbow, and at the same time still 
further relaxation in the opposite biceps and increase of contraction in the opposite triceps. The 
case of the antagonistic muscles at knee-joint I have similarly examined from sup. vermis and f. 


gracilis with similar result, except in Rabbit, where flexion of both knees seems the rule. 


In a Monkey with mid-thoracic spinal transection, in the course of months flexion of hip as a crossed 
reflex developed. It was much easier to obtain this in one limb than in the other, and was obtained 
more readily as an idio-lateral reflex on that side on which it was the easier as a contra-lateral reflex. 
Late rigidity affects in the Monkey flexors of hip; I do not therefore lay stress on this instance, but it 
deserves mention. 


The asymmetry of the crossed reflexes of the legs is important because obviously con- 
nected with the co-ordination of progression. 

The idio-lateral flexion reflex is prepotent and inhibits the crossed extension, ¢.g., stimulation 
of both feet together causes drawing up of both, so also at elbows. Semisection above the lesion 
makes the crossed reflex more easily evoked from the side of the semisection. Splitting length- 
wise, from top of Vth lumbar to bottom of VIIth, destroys the crossed, but not the idio-lateral. 
Again, contra-lateral flexion is apt to accompany idio-lateral flexion when the stimulation is strong. 

In the Monkey the idio-lateral flexion of hallux, knee, and hip, excited by an excitation of 
the foot, is often followed in the opposite hind-limb by adduction of thigh. In the same animal 


dorso-flexion of the ankle elicited from the VIIth (afferent) post-thoracic root is often followed by 
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plantar flexion of the contra-lateral ankle. Similarly, in the Cat, when IIIrd, IVth, Vth, VIth, 


VIlIth, [Xth, and Xth post-thoracic afferent roots have been severed after spinal transection at 
XIth thoracic level, a pinch on sole or dorsum pedis, or lateral aspect of lower region of leg and 
calf, evokes idio-lateral flexion of toes, ankle, and knee, with some contraction in the idio-lateral 
gracilis, but contra-lateral plantar flexion of ankle. Again, the reflex that I call the torticollis 
reflex, breaks this ‘2nd law’ of PFLticEr, because it employs muscles on both sides of the median 
plane, and the muscles on the crossed side are not symmetrical with those on the uncrossed. 

PFLUGER’s 3rd law* states that if a spinal reflex is bilateral, the movements on the side 
opposite to that stimulated are much weaker than the idio-lateral. This is the so-called law of 
unequal intensity of bilateral reflexes. The experiments in Cat, Dog, and Monkey afford 
instances of it. 

When, from one fore-paw, bilateral movement of the fore-limbs is excited, the movement is less 
forcible on the crossed side and also less ample. 

When excitation of one pinna evokes bilateral movement in the hind-limbs as described above, the 
crossed movement is the weaker. 

When bilateral retraction of abdomen is excited from the chest wall the crossed retraction is much 
the less extreme. 

In the above described asymmetrical progression reflex the crossed movement is much the less 
vigorous. 

In the bilateral ‘ whisker reflex’ the crossed movement is the less ample. 

But some reflexes controvert the law. 

Both in the Monkey and in the Cat and Dog a touch on the side of the tail at its root 
usually evokes abduction from the median line and away from the side stimulated. This recalls 
LucHSsINGER’s reflex from the tail of the Newt. ‘The same crossed action is obtainable, as stated 
in the list of root-reflexes, p. 125, from the dorsal (afferent) roots of coccygeal nerves. Again, a 
pinch of little toe or a pin-prick at the inner edge of the ischial callosity in Monkey often elicits 
a similar switch of the tail from the idio-lateral side. This reflex not only breaks the 3rd law, 
but also 1st law, which lays down that if a movement caused by a spinal reflex is unilateral, it 
occurs always on the same side as the application of the stimulus. Caudal lateral movement of 
reflex spinal origin is, however, not always abduction from the side stimulated. 

Conduction across the median sagittal plane of the cord is certainly very unequally facile 
at different spinal levels. I have found it curiously difficult to drive irradiation across in the 
thoracic region from a thoracic afferent root, so as to elicit bilateral action of intercostal muscles. 
It is easier in Cat, Dog, and Monkey to obtain cross-reflex from one hind-limb to the other than 
from one fore-limb to the other. It is easier to obtain in these species cross reflex from one hind- 
limb to the other than from a hind-limb up to a fore-limb. It is, however, easier to obtain a 
reflex from fore-limb to idio-lateral hind-limb than from fore-limb to fore-limb. In the hind-limb 
of Cat and Dog, the extensor neurons of knee, hip, and ankle have more facile communication 
with the crossed side of the cord than have the flexor neurons, but this does not seem the case 
with the hind-limb of the Rabbit. 


* Loc. cit. 
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Reflexes Elicited by Blows. 

A tap on the ischial callosity (tuber ischii) in the Monkey elicits excellently a bilateral 
adduction of the thighs. 

A tap upon the spinal column (skin removed) at the level of the iliac crests evokes rotation 
outwards of both thighs, with slight extension of both knees. ‘This must be similar to a reflex 
mentioned by STERNBERG* as of clinical importance; it involves action of the giutai. 

A tap upon the articular surface of the lower end of femur evokes contraction in the 
adductors of both thighs; the contraction is bilaterally symmetrical, or more often greater on the 
contra-lateral side. 

A tap on lower end of femur, or on insertion of tendo patella usually excites dorso-flexion 
of ankle, with slight inversion of foot. This seems to be ‘ERs’s tibialis anticus reflex’ of 

clinicians; in my experiments extensor longus digitorum replies more amply than does tibialis anticus. 
The tap generally elicits dorso-flexion of the contra-lateral as well as of the idio-lateral ankle. 

I am not inclined to consider any of the above to be true cross-reflexes. The so-called 
cross knee-jerk and perhaps the cross-adductor reflex are not cross-reflexes. “That they are reflexes 
seems certain from the length of their latent period estimated by the time-measurements of 
BurcKHarpt,t recently repeated with a similar result by Gorcu.{ ‘The former is contra-lateral 
and reflex, but not a cross-reflex, for I find it persist after complete longitudinal splitting of the cord 
from a lumbar transection above to the coccygeal nerves below. It must be excited by jar as 
suggested by Wa LER and Prevost.§ And other ‘jar’ reflexes are flexion of hip, protrusion of 
anus, protrusion of vaginal orifice, all readily excited by a tap on an unyielding part. All the 
‘jar’ reflexes implicate parts easily moved by reflex action, and are cut out by section of the appro- 
priate sensory roots on their own side, 7.e., the contra-lateral to application of blow, and not by 
section of the sensory roots on the side of the blow given. At first sight, inasmuch as they are 
bilaterally symmetrical, they appear as cross-reflexes, which supports PFLUGER’s ‘Law of Reflex 
Symmetry.’ I would apply WaLver and Prevost’s explanation of excitation by transmission of 
mechanical vibration to them as to the so-called cross knee-jerk. I would differ from WaLier 
and Prevost, however, in so far that, if I understood their meaning aright, they consider the 
vibration acts as a direct stimulus to the muscle or its motor nerve. I think, on the other hand, 
the jar excites the afferent nerve-fibres of the nerve-roots corresponding with the muscles, and 
excites them at, or just peripheral to, the ganglion. It is remarkable how distinctly even a slight 
tap upon the end of one femur is felt by holding the lower end of the other femur, particularly 


in some positions of the thigh, especially, I think, when the thighs are somewhat abducted. 


Some Features of the Muscular Contractions Occurring in Spinal Reflexes. 


When spinal depression is great and the reflex movements difficult to evoke, they are 
usually characterized by the following features :—feebleness, restriction of scope, minute tremor, 


and brevity of duration. As they improve they become more ample, more vigorous, less 


* ‘Die Sehnenreflexe,’ Vienna, 1893. t ‘Journ. of Physiol.,’ vol, 20. 
+ ‘Ueber Sehnenreflexe,’ Bern, 1877. §‘ Revue Medicale de la Suisse Romande,’ 1881, 
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tremulant or quite steady, and of longer duration, Many of them when quite vigorous are 
nevertheless clonic; for instance, the abduction of thighs with flexion of toes obtainable in the 
hind-limb by exciting the fore-paw is in the Cat nearly always clonic. Some are long, ies, persist 
for nearly a minute—exhibiting steady contraction all along with a final access (p. 134). This I 
have seen especially in flexion of knee and in flexion of elbow. Finally, as the reflexes become 
more active, ‘march’ develops, taking courses as above described. A feature frequent in 
thoroughly active spinal reflexes is a/ternating discharge of antagonistic muscles, especially, perhaps, 
at ankle and at wrist. ‘The alternations may recur many times over. The reflex contractions of 
one of the alternating groups are usually much shorter than of the other: thus, at ankle and 
wrist the plantar flexion and the dorsal extension are shorter, sharper than the return movements. 
This I saw in reflexes moving the ankle of Frog, and recorded in a former paper.* Wunprt and 
Fick{ have noted that some reflex contractions seem from duration and other characters to be 
simple twitches. In the ‘tail-wagging reflex’ the alternate opposed contractions seem to be about 


equal in all respects one to the other. 


Inhibition in Spinal Reflexes. 

It has been shown by Gorrz and Freusperc§ that in the Dog spinal reflexes can be 
inhibited by appropriately timed strong excitations of the skin. ‘Thus, pinching of the tail stops 
the ‘ beating-time’ reflex of the Dog. They found, too, that a cord tied round a leg may, in the 
Dog as in the Frog, make all reflexes inelicitable from the limb for a time. Nipping the tail 
sometimes succeeds in interrupting micturition in the Monkey—spinal transection in mid-thoracic 
region. ‘The local homonymous leg reflex will inhibit the crossed (p. 163). 

My own observations lead me to believe that inhibite-motor spinal reflexes occur quite 
habitually and concurrently with many of the excito-motor described in this paper. In graphic 
records of the reflex limb movements of the Frog the sudden and absolute relaxation of the 
muscles of one group at the very moment (to a .05”) of the onset of contraction in the antergetic 
group|| suggests this. Again, after spinal transection in Dog or Cat, the flexion reflex being 
obtained in the idio-lateral limb by pressing the foot, if while that limb is drawn up by the reflex 
the other foot is squeezed, not only is the squeezed leg drawn up, but the limb previously flexed 
is, very usually, let down : relaxation of the flexors occurring concurrently with contraction of the 
extensors. ‘This co-ordination I term reciprocal innervation, 

That when the flexors of knee and hip are reflexly thrown into action the extensors are 
inhibited, seems proved by the zmpossibility of obtaining the crossed reflex in the extensors when 
the foot of the crossed side is pinched. 

Again, on two occasions, once in Cat and once in AZacacus, the leg lying at the time in a 
state of rigidity due to tonic spasm of the extensor muscles of hip and knee, gentle excitation of 


the central end of a twig of the internal saphenous nerve at the ankle at once produced relaxation 


* ¢ Journ. of Physiol.,’ vol. 13, p. 621, 1892. § Pfliiger’s ¢ Archiv,’ vols. 8 and g. 
+ ‘ Mechanik der Nerven u. Nervencentren,’ Stuttgardt, 1876. || Sherrington, ‘ Journ. of Physiol.’ vol. 13, 
f Pfliiger’s ¢ Archiv,’ vol. 3, p. 326. p- 722, Plate 23, 1892. 
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of the extensors, and at the same time some contraction of the flexors. In each case the 
phenomenon is one of regular occurrence so long as the conditions are regularly repeated. ‘This 
leads me to return to the phenomena mentioned above at p. 160. These, in illustration of the 
existence of the long uncrossed paths in the bulbo-spinal axis, pass from bulb and cerebellum, even 
through great lengths of the cord. It is obvious that for evidence of inhibition it is supremely 
important to have a steady condition of activity pre-existent in the tissue to be examined, 
Inhibition in muscle has for its sign relaxation. Relaxation predicates contraction, tonic or 
otherwise. Upon prepontine transection (Rabbit, Cat) ensues what I have termed above decerebrate 
rigidity, which affects the extensors of knee, elbow, and back, and to a less extent ankles, but not 
wrists, and includes neck and tail pre-eminently. HuGuiincs Jackson has laid stress on the 
cerebellum as a source of muscular tonus. In the phenomenon of ‘decerebrate rigidity’ the 
cerebellum may be an ultimate source of the rigidity, and right-hand semi-section of the bulb above 
the decussation of pyramids destroys the right-hand rigidity. It must arise from an uncrossed 
influence arising somewhere above the lowest third of the [Vth ventricle, and below the cerebral 
hemispheres. ‘The state of contraction appears akin to ordinary tonus. Its reflex origin is evidenced 
by its severe or even total depression on severance of appropriate afferent spinal roots (p. 148). 
Thus the hypertonic condition of rigidity almost or quite vanishes from left triceps when the left 
afferent brachial roots are cut, from left quadriceps extensor cruris when left lumbo-sacral afferent 
roots are cut. ‘The rigidity is a persistent condition for many hours ; I have seen it persist for four 
days. It is so forcible that the animal can be placed erect on the four feet. Semi-section of cord 
abolishes it on the same side below the lesion, so also does semi-section of the bulb above the 
pyramidal decussation. It is lowered or temporarily abolished by deep chemical anesthesia, 
sufficient to abolish ear-reflex (Cat) or knee-jerk. With this hypertonic rigidity as background, 
inhibitions, relaxations, can be produced in these muscles. ‘The graphic records taken in the 
ordinary way show that the excitations which reflexly cause contraction of the flexors, cause 
synchronous relaxation—often even to post-mortem length—of the extensor muscles. Thus : 
from skin of fore-paw, from dorsal cutaneous branch of ulnar nerve, from funiculus cuneatus at 
the calamus, from side of superior vermis, contraction of biceps, relaxation of triceps of same side ; 
from hind-paw, from internal saphenous nerve, from funiculus gracilis, side of superior vermis, 
contraction of the hamstrings, relaxation of the quadriceps extensor cruris of same side. At the 
crossed elbow occurs (Rabbit, Cat, Dog, Monkey) conversely, some relaxation of flexors of knee 
and elbow, and increase of existing contraction in extensors. At the crossed knee, similarly, occurs 
(Cat, Dog, Monkey) extension (with extension of ankle), that is, increased contraction of extensors 
with further relaxation of flexors; but in Rabbit, in my experience, flexion at the crossed knee 
concurrently with flexion at the same side knee, and some extension at both ankles is the rule. 
The concurrence in reply to one and the same excitation of inhibition of one component of an 
antergetic couple, with contraction of the other component, occurs in these instances as in the 
reactions of the lateral eye-muscles.* It is indeed a complete example of what I have described 
as ‘reciprocal innervation.’ 


vol. §2, 1892. Sherrington ; and ‘ Journ, of Physiol.,’ vol. 17, 1894. 
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Allied to the above examples is the following :—Excitation of the central end of the 
afferent root of the VIIth cervical nerve at times provokes extension at the elbow, but more often 
flexion ; when extension is obtained, the flexors lie absolutely without active contraction, and if 
in tonic rigidity at the time are, inhibited, actively relaxed. The two effects, namely, reflex 
flexion of elbow and reflex extension of elbow, sometimes succeed each other in the course of 
repetition of excitations even in the same few minutes. The condition indicates the incom- 
patibility of the contraction or pressor action (augmentor action) of the two groups of muscles 
under spinal reflex action: if one group is selected for increased (augmented) action the other is 
left severely alone, or if tonic contraction be going on in it, it is subjected to depression of action 
(inhibition). ‘The carrying out of a movement by the overpowering of the active contraction of 
one muscle-group by the active contraction of another muscle-group is, throughout my experience, 
foreign to the tactical mechanism of the spinal cord. ‘This experience harmonizes in part with an idea 
put forth some years ago by H. Munx,* and made the subject of a research undertaken at his 
instigation by ScHLoEssER.t In short, my observations prove the existence of ‘reciprocal 
innervation’ of antagonistic muscles as part of the machinery of spinal reflexes, and point to it as 
possibly a widely extensive part of that machinery. It not only affects contrasted muscle-groups, 


but also contrasted parts of one and the same muscle, as in quadriceps ext. fem. and in triceps brachii. 


Puasic VARIATION IN THE REFLEX ACTIVITY OF THE CoRD 


Although, as the ‘rule of monotonous repetition’ above states, absence of variation of the | 


movement elicited by repetitions of a particular stimulus is a striking character of spinal reflexes in 
the Mammal, and lends to them a machine-like quality of regularity, there does occur a curious 
variety of result when they are examined in the same individual from day to day. “The very spot 
of skin that one day evokes constantly flexion of all the toes, may the following day evoke nothing 
but flexion of hallux and extension of the other toes, and the day following may evoke nothing, or 
again, only the movement obtained three days before. A stimulus usually eliciting dorso-flexion 
at ankle, may on some days elicit in the same individual, plantar flexion of ankle. As a broad 
rule, it is certain that spinal reflexes are more easily elicited when a well-nourished animal is 
hungry and expectant of food, and less easily after a heavy meal. Altogether apart, however, from 
feeding time on some days, hardly a reflex can be elicited from the very animals that on other days 
yield a variety with readiness. Condition of individual age, and especially of general nutrition, 
influence, as FREUSBERG points out for the lumbo-sacral reflexes of the Dog, the facility of reflexes 


very greatly indeed. 


[Posr-scrieTuM, June, 1898.—I seize a final possibility afforded to append a brief sentence 


of mention and appreciation of the admirable work of BoLk just appearing (‘ Morpholog. Jahrbuch,’ 


vol. 25, 4, p. 465, 1898; vol. 26, 1, p. 91, 1898), on the morphological portion of the subject- 
matter of this paper. Had the dates permitted, I should have amplified the text by collating in it 


the results he obtains in Man with those to which I have come in Macacus. His labours perform 


% ‘Verhandlungen der Berliner Physiologischen Gesellschaft,’ October, 1881. 
+ ‘Archiv f, Physiologie,’ Du Bois-Reymond, Berlin, 1880, 
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for human anatomy a service that has been long wanted and wanting. Had such work existed at 
the time my researches were made, it would have rendered mine the utmost assistance. As it 
is, it gives me gratification to find our independently-attained results, reached by such different 
methods of inquiry, are as generally harmonious as they appear to be. Professor BoLk’s work 
strengthens my view, expressed at the end of Section I of this paper, pp. 86, 87, that the fore-limb 
of Man is segmentally prefixed as compared with that of Macacus and of the other animal species 
enumerated. My researches commenced from the caudal end of the body and went headwards ; 
Professor Bok, conversely, has commenced with the top of the cervical region, and is working 
downwards. Hence the final part of my research and the beginning part of his overlap. As the 
mutual value of each is partly due to its independence of the other, I may perhaps state that my 
delimitations of the skin-fields of the cranio-spinal nerves of head, neck, and arm were in a series of 
photographs demonstrated by me to the Neurological Society of London, Feb. gth, 1893 (see 
‘Proc. Neurol. Soc.,’ p. 23, ‘ Brain,’ Spring number, 1894), and that some figures of the same 
from my photographs appeared in illustration of my friend Dr. Henry HEap’s second paper on 
Sensory Disturbances, especially in reference to Visceral Disease, published in ‘Brain,’ 1895. 
But Professor BoLk’s work has been altogether independent of these partial publications of mine. 
In his papers we have the best and first really adequate study of the segmental morphology of the 
human limbs. 

Section IV of the foregoing communication formed the material of the Croonian Lecture 
on ‘The Mammalian Spinal Cord as an Organ of Reflex Action,’ which I delivered before the 


Society, April 1, 1897.] 


BIBLIOGRAPHICAL REFERENCES 


P. ArprecHt. Beitr. z. Morphol. d. Mus. omo-hyoideus. Kiel, 1876. 
H. C. Bastian. Quain’s Dictionary of Medicine. 1882. 


Paralyses, Cerebral, Bulbar, and Spinal. London, 1886. 


Medico-Chirurgical Society’s Transacts. London, 1890. 

Bowrsy. Medico-Chirurgical Society’s Transacts. London, 1890. 

W. Beck. Ueber den Austritt des N. hypoglossus und N. cervicalis primus aus dem Central- 
organ. Anat. Hefte, 18. 

J. F. v. Bemmecen. Ueber die Herkunft der Extremititen-und Zungen-Muskulatur bei 
Eidechsen. Anat. Anzeig., 4. 

L. Bork. Rekonstruktion der Segmentirung der Gliedmassen-Muskulatur. Morphol. Jahrb., 
vol. 22. 

E. R. Boyer. Beziehungen zwischen Skelet, Muskulatur u. Nerven der Extremitat. Morphol. 
Jahrb., vol. 21. 

——— The Mesoderm in Teleosts; especially its share in the Formation of the Pectoral Fin. 
Bull. of the Museum of Zoology, Harvard, vol. 23, No. 2, 1892. 

P. Bert et A. Marcacci. Communicazione preventiva sulla distribuzione delle Radici Motrici 


nei Muscoli degli arti. Lo Sperimentali, fasc. 10, 1881. 


170 THOMPSON YATES LABORATORIES REPORT 


Bruce and F, W. Morr. Brain, Part 38, 1887. 

L. Bruns. Deutsch. Medic. Wochenschr., 1889, No. 48. 

——— Archiv f. Psychiatrie, vol. 25, pp. 1-72, 2 plates; see abstract, Brain, Part 69, 1895. 

G. Burckuarpr. Ueber Sehnenreflexe. Bern, 1877. 

Bracuer. Recherches expt. Paris, 1839. 

Bernstein. Moxescuort’s Untersuchungen, vol. 10, p. 280. 

Cayrapg. Le Mouvement réflexe. ‘Thesis, Paris, 1864. 

DucHEennE. Physiologie des Mouvements. Paris, 1867. 

Deyertne-Kiumpke. Archiv f. Psychiatrie, 1892. 

M. V. Daviporr. Morphol. Jahrb., vol. 5, vol. 6, vol. 9. 

C. Ecknarpr. Zeitschrift f. ration. Mediz., vol. 7, Part 3. 

P. E1srer. Die Homologie der Extremitaten. Halle, 1895. 

A. Fick. Mechanik d. Nerven u. Nervencentren. Stuttgardt, 1876. 

D. Ferrier and G. Yeo. ‘The Functional Relations of the Motor Roots of the Brachial and 
Lumbo-sacral Plexuses. Proc. Roy. Soc., London, vol. 32. 

D. Ferrier. Brain, Spring Number, 1894. 

Forcur et LaNNEGRACE. Comptes Rendus Acad. des Sciences, vol. 98. Paris, 1884. 

FREUSBERG. PFLUGER’s Archiv f. d. gesammt. Physiol., vol. 9, 1875. 

Fr. Frousr. Die oberflichlichen Nerven des Kopfes. Berlin-Prag, 1895. : 

M. Fursrincer. Zur Lehre vy. d. Umbildungen des Nerven-Plexus. Morphol. Jahrb., vol. 5. 

C. Hassz. Handatlas der sensiblen und motorischen Gebiete. Wiesbaden, 1895. 

J. Goopsir. On the Morphological Constitution of the Limbs. Edin. New Philos. Journ., 5, 
1857. 

W. FLower and H. Gorpon. Osteology of Mammalia, p. 361. London. 

A. Frorrer u. W. Beck. Anat. Anzeiger, vol. 10, p. 688, 1895. 

AF. GOLDSCHEIDER (with E. Leypen). Die Erkrankugen d. Rtickenmarkes. Wien, 1895. 

W. GaskELL. Cranial Nerves. Journ. of Physiol., 10, 1889. | 

F. Gorrz. Priucer’s Archiv f. d. gesammt. Physiol. d. Mensch. u. d. Thiere, vol. 8, 1874. 

F. Gorcu. Journ. of Physiol., vol. 20, 1896. 

A. S. F. Grtnzpaum. Journ. of Physiol., vol. 16, p. 368, 1894. 

E. Harcket. Systematische Phylogenie der Wirbelthiere. Berlin, 1895. 

W. P. HerrincHaM. ‘The Anatomy of the Brachial Plexus. Proc. Roy. Soc., vol. 41, 1886. 

R. Hirzerr. Zur Kenntniss der Spinalnerven. Dissert. Kénigsberg, 1878. 

G. M. Humpury. On the Position of Muscles in Vertebrate Animals. Journ. of Anat. and 
Physiology, vol. 6, 1872. 

H. E. Herinc. Prrtcer’s Archiv d. gesammt. Physiol. d. Mensch, u, d. Thiere, 1893. 

Archiv f. experiment. Pathologie u. Pharmakol., vol. 38, p. 266. 


H. Heap. On Disturbances of Sensation, with especial reference to the Pain of Visceral Disease. 
Brain, parts 61, 62, 1893, and 67, 1894. 
— On the Regulation of Respiration. Journ. of Physiol., vol. 10, p. 1, 1889. 


EXAMINATION OF SOME SPINAL NERVES Tat 


J. Hirron. Rest and Pain. London, 1857. 

Kaiser. Ganglienzellen des Halsmarkes. Haag, 1891. 

J. H. F. Kouzpriicce. Muskeln u. periphere Nerven der Primaten, Verhandl. d. Kon, Akad. 
van Wetensch. te Amsterdam, Deel 5, No. 6. 

Tueop. Kocuer. Mittheil. a. d. Grenzgeb. d. Med. u. Chirurg., vol. 1, part 4. Jena, 1896. 

J. Kotrmann. Die Rumpfsegmente menschlicher Embryonen vom 13. bis 35. Urwirbel. 
Archiv f. Anat. u. Entwickelungsges., Jahrg. 1891. 

A. KoscHewnikorF. Archiv f. Physiolog. u. wissensch. Med. von Retcnerr und pu_ Bots- 
Reymonp, 1868. 

W. Krause. Beitrage zur Neurol. der oberen Extremitat. Leipzig u. Heidelberg, 1865. 

HErnRICcH KRoneNBERG. Plexorum Nervorum Structura et Virtutes. Berlin, 1836. 

J. N. Lanciey. Journ. of Physiol., vol. 12, p. 366, 1891.—On the Course and Connections of 
the Secretory Fibres Supplying the Sweat Glands of the Feet of the Cat. Phil. 
Trans., London, 1892.—On the Origin of the Cervical and Upper Thoracic 
Sympathetic Fibres. Journ. of Physiol., vol. 15, 1893.—The Arrangement of the 
Sympathetic Nervous System, Based on Observations on Pilo-motor Nerves. 

J. N. Lanorey and C. S$. SHERRINGTON. On Pilo-motor Nerves. Journ. of Physiol., vol. 12, 1891. 

Loncer. Traité de Physiologie, vol. 11, p. 241. Paris, 1862. 

Luperirz. Archiv f. Anat. u. Physiol., 1881. Berlin. 

LucHsinGER. PFLUGER’s Archiv f. gesammt. Physiol., vol. 22, 1880. 

Luciani. Il Cervelletto. Firenze, 1891. 

W.P. Lomparp. Du Bois’ Archiv f. Physiol. Berlin, 1885, p. 408. 

MarsHaLt Hatt. Synopsis of the Diastaltic Nervous System, London, 1850 ; and Memoirs on 
the Nervous System, London, 1837-1852. 

Fr. Merket. Handbuch d. topographischen Anatomie. Braunschweig. 

S. Moturer. Das Cheiropterygium. Anatomische Heite, 16. 

S. Moxzier. Ueber die Entwickelung d. fiinfzehigen Extremitat. Sitzungsb. d. Gesellsch. f. 
Morphol. und Physiologie in Mtinchen, 1894. 

J. Mackenziz. Some Points Bearing on the Association of Sensory Disorders and Visceral 
Disease. Brain, 63, 1893. 

F. W. Morr and C. 8S. SHeRRincron. Experiments on the Influence of Sensory Nerves upon 
the Movement and Nutrition of the Limbs. Proc. Roy. Soc., London, vol. 57, 
March, 1895. 

Herm. Munk. Sitzungsber. d. Kénigl. Akad. der Wissensch. z. Berlin, 1894 and 1895. 

Verhandlung. d. Berliner Physiologisch. Gesellschaft, October, 1881. 


Barr. Panizza. Ricerche sperimentali sopra i Nervi. Annali universali di Medicina, Dec. 1834. 


Owsjannikow. Lupwic’s Arbeiten. 1874. 
J. Pever. Ueber die peripherischen Endigungen der motorischen u. sensiblen Fasern der in dem 


Plexus brachialis des Kaninchens eintretenden Nervenwurzeln. Zeitschrift f. rat. 


Med., N. F. 4, 1854. 


172 THOMPSON YATES LABORATORIES REPORT 


Os. Pottmanti. Sur la distribution fonctionelle des racines motrices dans les muscles des 
membres. Archives Italiennes de Biologie, 1895, vol. 23. 

J. Rorcans. Bijdrage tot de kennis van het Halsgedeelte der laatste vier Hersenzenuwen. 
Meppel, 1886. 

E. Prttcer. Ueber die sensorischen Functionen des Riickenmarkes. Berlin, 1853. 

G. Rucr. Musculus recius thoracis bei Primaten. Morphol. Jahrb., vol. 19. 

J. R. Russert. The Formation of the Brachial Plexus of the Dog. Proc. Roy. Soc., vol. 51, 
1892. 

SCHRODER VAN DER Kok. Ueber den Zusammenhang zwischen den Gefiihls -und Bewegungs- 
Nerven. FRroriep’s Notizen, 3, [V, 1847. 

O. ScHuttrze. Ueber embryonale und bleibende Segmentirung. Vol. 12. Anatom. Anzeiger, 
1896. 

C. S. SHERRINGroN. The Nuclei in the Spinal Cord for the Muscles of the Limb. Proc. 
Physiol. Soc., Feb. 15, 1892, p. 8. Journ. of Physiol., vol. 13, Nos. 3 and 4.— 
The Functional and Structural Arrangement of Efferent Fibres in the Nerve-roots, 
&c. Proc. Roy. Soc., London, vol. 51, 1892. On the Arrangement of Some 
Motor Fibres, &c. Journ. of Physiol., vol. 17, Oct. 1892, pp. 621-772.— 
Experiments in Examination of the Peripheral Distribution of the Fibres of the 
Posterior Roots of Some Spinal Nerves, part 1. Proc. Roy. Soc., London, vol. 52. 
Philos. Transacts. Roy. Soc., London, vol. 184, B, pp. 641-763.—Sensory Nerves 
of Muscles. Journ. of Physiol. vol. 17, 1894.—Reciprocal Innervation of 
Antagonistic Muscles. Proc. Roy. Soc., vol. 53, 1893, Feb. and April.— 
Eye-Muscles. Journ. of Physiol., vol. 17, 1894. 

Max SrernBERG. Die Sehnenreflexe. Wien, 1894. 

J. Sanpers-Ezn. Lupwic’s Arbeiten, 1867. 

E. Scutorsser. Du Bots’ Archiv f. Physiologie, 1880. 

M. Aten Srarr. Local Anesthesia as a Guide to Diagnosis. Internat. Journ. of Med. Sci., 
July, 1892. Brain, 67, Autumn, 1894, p. 481. 

G. D. THane. Quain’s Anatomy, roth edition, vol 3, part 2. London, 1895. 

L. Turck. Ueber die Hautsensibilitaitsbezirke d. einzelnen Rtickenmarksnervenpaare. Denks. 
d. Wien. Akad., 1869. 

W. TuHorsurn. Brain, October, 1888. Also Jacksonian Essay, 1892. 

N. Uskow. Ueber die Bildung des Herzbeutels u. des Zwerchfells. Archiv f. mikr. Anat., 
1883, vol. 22. 

Wat. Ler and Prevosr. Revue Médicale de la Suisse Romande, 1881. 

W. Wunpr. Mechanik d. Nerven u. Nervencentren. Stuttgardt, 1876. 


ty 


iy 


Fe ne ree TE 


EXAMINATION OF SOME SPINAL NERVES 173 


DESCRIPTION OF PLATE III 


Ficure 1.—Photographs of the lines of the lower boundaries of the XIth and XIIth thoracic skin-fields. 
Also of the boundaries of the IIIrd lumbar skin-field. Also of the hinder border of the [Xth 
post-thoracic field, and of the anterior border of the XIth post-thoracic field. Monkey— 


Macacus rhesus. 


Ficure 2.—Photograph of the lines of the anterior and posterior edges of the IIIrd lumbar field, and of 
the [Xth post-thoracic field. Also the posterior border of the XIth thoracic field. Monkey— 


Macacus rhesus. 
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INNERVATION OF ANTAGONISTIC MUSCLES* 
SIXTH NOTE. By C. S$. SHERRINGTON, M.A. M.D., F.R.S. 


Machine-like regularity and fatality of reaction, although characteristic of spinal reflexes, 
is yet not exemplified by them to such extent that similar stimuli will always elicit from the spinal 
animal similar responses. This want of certainty as to response is an interesting difficulty 
attending the study of spinal reactions. The variation in the responses of the skeletal musculature 
manifests itself, not only in regard to the extent of the movement, but also in regard to the direction 
of the movement. 

Some of the factors determining the character of the reactions are factors contained within 
the stimulus. Important among these is the ‘ /scus of the stimulus.’ Thus it has long been known 
that the direction and other characters of the reflex movement are influenced by the mere location 
of the stimulus. Nevertheless stimuli identical in all respects, including locality, may evoke 
reflex movements of widely different, even of absolutely opposite, character. Such differences of 
response must be referred to differences obtaining at the time in the spinal organ itself. One 
cause for such differences seems indicated by the following observations :— 

The most usual, indeed the almost invariable, primary reflex movement of the hind-limb of 
the spinal dog (and cat), when spinal transection has been performed in the cervical or upper 
thoracic region, is flexion at hip, knee, and ankle; the limb is ‘drawn up.’ This movement can 
be well obtained by, among other stimuli, the pressing of the pads of the digits upwards so as to 
extend the toe-joints, a stimulus that in some measure imitates the effect upon those joints of the 
bearing of the foot upon the ground under the animal’s weight. Extension as a reflex result from 
this stimulus is, in my experience, never met in the homonymous limb in the early time after 
transection. When a certain period has elapsed, three weeks or more after transection, and shock 
has largely subsided, it becomes possible to, at times, obtain extension at hip as the primary 
movement in the homonymous limb. ‘The pressing of the toe-pads upwards, spreading and 
extending the digits, elicits a sharp movement of extension at the hip, if at the time the initial 
posture of hip and knee be flexion. If the initial posture of hip and knee be extension, the primary 
reflex movement excited is, in my experience, invariably flexion. ‘The reflex movement is, it is 
true, not unfrequently flexion even when the initial posture is one of flexion ; but it is, on the 
other hand, very frequently, and especially preponderantly in certain individual animals, extension. 
The passive assumption of a flexed posture at hip and knee seems to favour the reflex movement 


at those joints taking the form of extension. ‘The influence of the posture of the ankle-joint upon 


* Reprinted from the ‘ Proceedings of the Royal Society of London,’ 1899. 
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the reflex movement at the hip seems negligeable, for I have often remarked the reaction at the 
hip to be unaltered, whether the ankle were flexed or extended, at the time of excitation. 

In some dogs, when the spinal transection has been made at the hinder end of the thoracic 
region, stimulation of the skin of the limb evokes the usual primary flexion at hip and knee 
wherever the /scus of the stimulus, except it be in the upper three-fourths of the front of the thigh. 
Applied in this latter region, the stimulus, if the limb be midway between extension and flexion, 
not unfrequently evokes reflex extension at hip and knee ; it does not evoke extension if the initial 
posture of the limb be extension ; but if the limb be, at the time of application of the stimulus, 
well flexed at hip and knee, reflex extension, instead of reflex flexion, becomes the rule. 

In the spinal frog, as in the spinal dog, flexion at hip and knee is the regular reflex response 
of the musculature of the homonymous hind-limb to skin stimuli applied at any part of the surface 
of that limb. ‘This being true when the initial posture of the limb is, as when pendent, one of 
extension at hip, knee, and ankle, a difference becomes evident when the initial posture is one of 
flexion at those joints. In the latter case excitation of the skin within a small gluteal and pubic 
area, lateral and somewhat ventral to the cloacal orifice causes, extremely frequently, not flexion at 
hip, but extension at that joint. Stimuli (mechanical and chemical) to that area, which evoke 
flexion at the hip-joint when the initial posture of the limb involves extension at that joint, evoke, 
when the initial posture is flexion, reflex extension at the joint. 

These instances seem to indicate distinctly that the direction which a spinal reflex 
movement, elicited by stimuli similar in all respects, including ‘locality,’ may take, is in part 
determined by the posture already obtaining in the limb at the time of the application of the 
stimulus. 

The reaction described above for the spinal frog holds good after previous removal of all 
the skin from both hind-limbs, with the exception of the small gluteal piece necessary for 
application of the skin stimulus. It would appear, therefore, that the influence of the posture of 
the limb upon the spinal condition and reaction is not traceable to the nerves of the cutaneous 
sense-organs of the limbs. There still remain the afferent nerves subserving muscular sense, and 
connected with the sense-organs in muscles, tendons, and joints. “These, as is well known, are 


largely affected by the various postures of the limb, even by such postures as are passively induced. 
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ON THE ANATOMY, PHYSIOLOGY AND DEGENERATIONS OF THE 
NERVOUS SYSTEM OF THE BIRD* 
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W. B. WARRINGTON, M.D., M.R.C.P., Drmonsrraror oF PaTrHoLoGy aND 


Assistant Puysician To THE HospitaL For Diseases OF THE CHEST, LiveRrPooL 


CommunicaTED BY PRoFEssoR SHERRINGTON 


INTRODUCTION 


This research was originally undertaken as a continuation of the studies on the pyramidal 
system made by one of us in Professor Horstry’s Laboratory in 1894. This early led to the 
discovery of the fact, which was demonstrated at the time, that in birds the pyramidal system, as 
such, does not exist, and that after complete removal of one hemisphere the resulting degeneration 
in no case extends lower than the mesencephalon. 

All workers, with the exception of SANDMEYER,T are now agreed upon this point. 

In this communication we wish to give a general account of the nervous tracts in the bird, 
and to consider their functional significance. 

Our observations have been made exclusively upon the fowl and pigeon, the anatomy of 
which does not differ, except in insignificant points. 

Complete series of sections have been cut in the transverse, sagittal, and horizontal planes, 
and stained by WeicERT’s method or the acid hematoxylin stain of SCHAFER. ‘The sections in 
the horizontal plane appear to us to be especially valuable in completing the information derived 
from those in transverse and sagittal section. 

Various parts of the central nervous system have been injured, and the resulting 
degenerations in the nervous system followed by means of the Marchi method of staining. ‘The 
bird is a favourable subject for such operative interference ; a very slight amount of anzsthetic is 
sufficient, and recovery is almost invariable. Strict antiseptic precautions are not necessary, the 
chief obstacle to a successful operation is the large amount of hemorrhage which takes place 
should a sinus be injured. If such an accident occurs the use of a soft wax is generally sufficient 


to arrest the hemorrhage. 


* Reprinted from the ‘Transactions of the Royal Society,’ vol. 191, 1899. Part of the expenses of this research were 
defrayed by the Scientific Grants Committee of the British Medical Association. 
+ Sandmeyer, ‘ Zeits. f. Biologie,’ vol. 10. 
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PREVIOUS LITERATURE 


The literature directly referring to the subject is comparatively scanty. The first account of 
the microscopic structure of the brain of the bird was given by SriepDa,* in 1869, whose Paper on 
the subject contains some excellent figures which, though unstained, plainly indicate the position 
of the great tracts running from the cerebral hemispheres to the thalamus and mesencephalon. 
STIEDA also describes and figures the large cells in the roof of the aqueduct, which are now 
believed to be the mesencephalic nucleus of the trigeminus. 

In 1883 Bummt published his Paper on ‘Das Grosshirn der Végel.’ The first part of this 
communication is devoted to a consideration of the general morphology of the Avian brain. The 
second portion describes some features of the microscopical anatomy. His descriptions are strictly 
limited to the cerebral hemispheres. 

Using the older methods of staining, he described in detail the course and origin of that 
large bundle of white fibres seen on the mesial surface of the hemispheres, which he named 
‘Markbtindel der strahligen Scheidewand.’ 

All writers agree in the main with his description of this tract. He also pointed out the 
existence of the large tracts passing from the cerebral hemispheres to the thalamus and 
mesencephalon, and of the great associational system of fibres on the base of the brain, now called 
the tractus occipito-frontalis, and named by him the ‘ Basal-Markbiindel.”? Bumm’s valuable 
contribution outlined the main facts of the anatomy of the cerebral hemispheres. 

In 1891 a series of papers by C. H. Turner{ appeared on the morphology and histology 
of the Avian brain. That part of it which deals with the subject which we have especially 
studied, viz., the course of the various tracts, is less complete than the remainder of the paper 
which describes the cell-groups. Unfortunately, the methods and staining employed by the 
writer do not give results which can be compared with those obtained by means of the Weigert 
method. 

Epincer§ has included the structure of the bird’s brain in his researches on Comparative 
Neurology, and has employed the methods now universally used in tracing the course of nerve 
tracts, viz., those of WrIcERT and Marcu. His researches on the allied brain of the reptile have 
also been particularly valuable to us, and we have adopted, where comparable, the nomenclature 
used by him in describing the nervous tracts in this class of animals. 

BeEtionct|| and Pertia™ have contributed to our knowledge of the optic tracts, and quite 
recently, while this paper was in progress, communications have appeared by FRIEDLANDER,** 


WaALLENBERG,TT and Munzer and Wiener.{t 


* Stieda, ‘ Zeits. fiir Wissen. Zoologie,’ vol. 19, 1869. q Perlia, ‘ Graefe’s Arch, fiir Ophthalm.,’ Bd. 35, 1889. 

+ Bumn, ‘Zeits. fiir Wissen. Zoologie,’ vol. 38, 1883. ** Friedlander, ‘ Neurolog. Centralblatt,’ April, 1898. 

ft ‘ Journal of Comparative Neurology.’ tt Wallenberg, ‘ Neurolog. Centralblatt,’ June, 1898. 

§ Edinger, ‘ Vorlesungen iiber den Bau der Nervosen tf Miinzer and Wiener, ‘ Monats. f. Psych, und Neurol., 
Centralorgane,’ 5th edit., Leipzig, 1896. Bd. 3 and 4, 1898. 


|| Bellonci, ‘Zeits. f, Wissen. Zoologie,’ vol. 47, 1888. 
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MUnzer and WieneEr’s work is a complete and important contribution to the study of the 
tracts of the central nervous system, and the degenerations they undergo. In most essential points 
the independent conclusions arrived at by these writers and ourselves are in agreement. 

In this place it is unnecessary to mention the older observations, to which a complete 
reference is given by FRIEDLANDER, or the researches on the fine cellular anatomy of Ramon y 


CajJAL, VAN GEHUCHTEN, and KOLLIKER.* 


NAKED EYE LANDMARKS OF THE BIRD’S BRAIN 


The paramount importance of the visual apparatus in the bird is indicated by the size of 
the optic nerves and chiasma ; the transverse section of an optic nerve being as large as that of the 
dorsal region of the spinal cord. On the other hand, the olfactory lobes are very small. 

The cerebral hemispheres are well developed, and for purposes of description may be 
roughly divided into anterior, middle, and posterior lobes (Plate IV, fig. 7). As we shall see, these 
lobes give origin respectively to different groups of nerve fibres. 

Fissures on the surface of the brain are not well marked. We draw attention, however, 
to one which runs from before back on the dorsal surface about 4th inch on each side of the 
median plane, and forms the external boundary of an area which is excitable by the faradic 
current, the stimulation resulting in well-marked pupillary contractions (Plate X, fig. 51). 

The main tracts of nerve fibres are fairly obvious as prominent white strands of tissue. 
On carefully separating the hemisphere there is seen— 

(1) On the mesial aspect, the fan-shaped tractus septo-mesencephalicus, disappearing just 
in front of the transversely running anterior commissure (fig. 40, Plate LX). 

(2) Beneath this commissure, the united fibres of the tractus striothalamicus and 
striomesencephalicus (fig. 40, Plate LX). 

When the brain is placed with the ventral surface uppermost there appear :— 

(1) The superficial termination of the tractus septo-mesencephalicus, a well-formed strand 
of fibres situated along the junction of the cerebral hemispheres with the optic lobes and thalamus 
(fig. 52, Plate X). 

(2) Laterally, on the hemisphere, the great associational system between the posterior and 
anterior parts of the brain (fig. 52, Plate X). 

(3) The prominent white fibres covering the surface of the optic lobes. 

On transverse section of the hemispheres the origin of the striothalamic tract and anterior 


commissure is well seen (fig. 52, Plate X). 


DESCRIPTION OF TRACTS 


The various tracts of the central nervous system fall into the following groups ;— 
1. Tracts in connection with the great cell mass of the hemisphere. 


2. Optic chiasma and tracts in connection with it. 


* Since this paper was read Edinger and Wallenberg have published in the ‘ Anatomischer Anzeiger,’ Band 15, 1899, a 
communication, entitled ‘ Untersuchungen tiber das Gehirn der Tauben.’ In this the various tracts and cell nuclei are described 
in detail, and the previous work of the authors incorporated, 
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3. Posterior commissure and lamina commissuralis mesencephali. 
4. Transverse fibres of the optic vesicle. 

5. Mesencephalic system of fibres. 

6. Tracts of the spinal cord. 


I. Tue Tracrs In CONNECTION WITH THE GREAT CELL Mass OF THE 


HEMISPHERE INCLUDE :— 


(a2) Tractus septo-mesencephalicus or pallial system. 

(4) The striate tracts (tr. strio-mesencephalicus and tr. strio-thalamicus). 
(c) ‘Tractus occipito mesencephalicus. 

(d) ‘Tractus occipito frontalis. 

(e) Commissura anterior. 


(a) Lractus Septo-mesencephalicus or Pallial System.* 


The great mass of the cerebral hemisphere is formed by the corpus striatum, a ganglionic 
mass of densely-packed cells of ovoid shape. The cells are grouped in clusters, and, as shown by 
the Nissl method, each cell contains a very large nucleus (fig. 54, Plate X). 

The pallium which lies over the corpus striatum consists of a thin plate of nervous matter 
forming the mesial and dorsal wall of the ventricle; laterally it gradually loses itself in the 
substance of the corpus striatum. It contains the fibres of an important tract described by Bumm 
under the name of ‘ Markbtindel der strahligen Scheidewand’ or ‘’Tractus Septo-mesencephalicus’ 
(Epincer). ‘This fan-shaped tract is superficial, and covers a large part of the posterior and 
mesial aspect of the surface of the brain (Plate IV, figs. 1, 2, 3, &c.). 

The main mass of the tract converges in front of the anterior commissure (fig. 15, Plate 
V1), then turns sharply outwards to become superficial, and bends round the tractus striothalamicus 
(figs. 9, 10, 11, Plate V). It remains superficially situated in the dorsal and lateral aspect of the 
thalamencephalon. ‘Transverse sections show that it can be traced down as far as the junction of 
the thalamus with the optic lobes (fig. 27, Plate VII; figs. 35-37, Plate VIII). BumM,t in his 
original description, states that the tract ends in the region between the lateral part of the cortext 
of the corpus-bigeminum and the corpus-opticum. Epincerf states that it disappears in the most 
frontal section of the roof of the middle brain. We have not succeeded in tracing the tract quite 
so far as these authors, and incline more to the view of Mutnzer and WIENER, who were unable 
to follow it further than the epithalamic region. Horizontal sections show that, although the 
great mass of fibres composing the tract are contained in the pallium, there is a special group 
which is in connection with the anterior part of the cell mass of the hemisphere (figs. 3 and 4, 
Plate IV). 

Whilst the major part of the tract converges to pass in front of the anterior commissure, a 
definite and smaller portion passes posteriorly to this commissure (figs. 13 and 16), and enters the 


thalamic region. 


* This tract is lettered A in the figures, and appears in a very large number of the sections, 
t Loc. cit. ft Loc. cit, 
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The homologies of the tracts in the mesial wall of the hemisphere are of great interest. 
Phylogenetically they are the most ancient. As Exzior SmirH*™ says: ‘The cerebral cortex of 
the Reptile becomes relegated in the Mammal to the region immediately surrounding the hilum of 
the hemisphere, and constitutes the true “limbic” lobe. Similarly, in Birds, the greater part of the 
mesial wall represents the precommissural body—a small part dorsal to this, the hippocampus.’ 

The greater part of the pallial tract described above as passing towards the base of the brain 
in front of the anterior commissure, is represented in the precommissural fibres of the Mammal 
and in that part of the fornix which lies in the septum lucidum (Figs. 15 and 16, Plate VI). The 
smaller part, which passes posteriorly to the anterior commissure, and which is more strongly 
developed in Reptiles, forms, as shown in EpINGER’s figure of the Eidechse,t a tr. cortico-harben- 
dularis, and corresponds to the anterior pillar of the fornix. 

In transverse sections, two fine bands of fibres are seen, dorsal to the anterior commissure 
(Fig. 23, Plate VII). In Reptiles they are much more strongly marked, and are figured by EDINGER 
(p. 149), and described as commissura anterior and posterior pallii—a psalterium system. We 
have not been able to ascertain the exact origin of these two fine strands. They have been 
described by other writers, ¢.g., MEcKEL and ‘TURNER, | under the name of the corpus callossum, but 
if by that we understand a dorsal commissure of the pallium—the corpus callossum of Man—the 
term is inaccurate ; such a commissure is limited to the eutheria, and developes pari passu with the 
great cortical formation of higher Mammals. ‘They can be better described as commissural fibres 
of the precommissural area and hippocampus. In the sagittal sections (Figs. 15 and 17, Plate VI), 
pallial fibres are seen to pass ventrally between the anterior and posterior divisions of the tr. 
septo-mesencephalicus, and in transverse sections (Fig. 27, Plate VII) they appear to enter the optic 
chiasma. ‘The large system of fibres just described above is probably both an associational and 
projectional system. It connects corresponding parts of the fore brain with the thalamencephalon 
and mesencephalon, and perhaps, as indicated above, directly with the optic tract. After removal 
of the hemisphere, the Marchi method of preparation shows that the limited degeneration takes 
place. 

We do not think that this can be doubted, though Minzer and Wiener expressly state 
the contrary. 


(b) Lhe Striate Tracts. 


Series of horizontal sections through the brain show that the great cerebral tracts are 
connected respectively with cells situated (a) in the anterior lobe, (4) in the middle lobe, (c) in the 
posterior lobe. ‘The strio-mesencephalic and thalamic tracts and the occipito-mesencephalic tract 
are descending tracts with well-marked fibres, and after section in the hemispheres, degenerated 
fibres can be readily stained by the Marchi method. ‘They connect the cell masses in the 
cerebral hemispheres with the thalamencephalon and mesencephalon. 

i. Lractus Strio-mesencephalicus—The anterior lobe of the brain as seen in horizontal 


section gives rise to three groups of fibres: (1) most superficially and internally to fibres which go 


* ¢ Journ. of Anat. and Physiology,’ vol. xxx, p. 484. + Loc. cit, p. 148. ft Loc, cit. 
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to form the pallium, fig. 4 ; (2) externally to the fibres of the occipito-frontal tract, figs. 5 and 6 ; 
and (3) to fibres between the last two which plunge deeply to the base of the brain, figs. 5-10. 
The latter fibres appear to have an extended origin from the anterior portion of the brain; they 
collect together as they pass downwards and backwards and join the other bundles formed by the 
strio-thalamic and occipito-mesencephalic fibres. It appears to be the most ventrally placed of the 
bundles, and with the strio-thalamic tract passes beneath the anterior commissure, fig. 40, Plate 
IX, into the thalamus, and proceeds as far as the mesencephalon. It is the longest of the three 
cerebral descending tracts. 

By the degeneration method, after removal of the anterior portion or of the whole of the 
hemisphere, it can be readily demonstrated as it passes through the thalamus to the mesencephalon. 
It terminates in cells in the substance of the optic lobes at a level a little above and more lateral 
than those of the oculomotor nucleus (figs. 29 and 32-39, Plate VIII). Closely associated with 
the tract, on its ventral aspect in the mesencephalon and thalamus, is a well-marked group of 
fibres, which are found to undergo ascending degeneration ; this tract will be described later on as 
the tractus mesencephalicus striatus (see figs. 39-42, Plates VIII and IX). 

il. Lractus Strio-thalamicus.—This tract was first seen by Bum and afterwards described 
by Epincrr. It arises chiefly from the middle mass of the hemisphere, and is well seen in figs. 6 
and 7. It joins with the preceding tract, but remaining more dorsal, passes beneath the anterior 
commissure (fig. 40, Plate IX), and terminates in the nuclei of the thalamus (figs. 35 and 36, 
Plate VIII). It degenerates after removal of a hemisphere, and the course of its fibres can be well 
traced by using the Marchi method (figs. 32-38, Plate VIII). 


(c) Lractus Occipito-mesencephalicus. 


This tract, represented in the reptiles, is especially large in birds, arid can be traced from 
the posterior segment of the hemisphere (figs. 5-8, Plates IV and V), where it has a wide origin in 
close connection with that of the anterior commissure and occipito-frontal bundle. ‘The tract 
passes inwards and backwards on a level with the anterior commissure, and sweeps into the 
thalamus where some of its fibres cease. 

Others may proceed as shown in figs. 17 and 19 E., Plate VI, into the mesencephalon. 
According to EDINGER it ends in the roof of the middle brain, close to the termination of the optic 
nerve. It degenerates completely after removal of a hemisphere, and can be traced in transverse 


sections (figs. 33-35, Plate VIII). 


(d) Tractus Occipito-Frontalis (BuMM and EDINGER). 


A large superficial associational tract, extending from the posterior to the anterior part of 
the brain, which is beautifully shown in horizontal section (figs. 5, 6, 7, Plate IV). As described 
above, it has an origin in the posterior lobe, closely associated with that of the anterior commissure 
and occipito-mesencephalic tract. ‘The posterior lobe, which is exceedingly well developed in the 
pigeon, has thus an extensive connection with the frontal lobe, with the occipital lobe of the 


opposite side, and with the optic thalamus. 
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(e) Commissura Anterior. 


A large well-formed tract connecting the posterior lobes of opposite sides (figs. 8, 9, 
Plate V ; figs. 15, 16, 17, Plate VI; fig. 40, Plate IX). It is comparatively simple as compared 
with the reptiles, but is very large, and no trace of a pars. olfactoria can be seen. ‘Through its 
common origin with the tr. occipito-frontalis it is in connection with the anterior lobe of the brain ; 
the two combined systems thus encircling the hemisphere. Some of its fibres are seen in the 


Marchi preparations to degenerate after removal of the hemisphere. 


II. THe Opric CuHtasMA AND TRACTS IN CONNECTION WITH IT 
Optic Chiasma. 


The very extensive origin of the optic tract is best demonstrated in horizontal sections 
(figs. 13 and 14, Plate V). It is seen as a large band of fibres sweeping round the external 
geniculate body to spread over the cortex of the optic vesicle. In fig. 13, Plate V, a large number 
of fibres are seen to pass from the optic chiasma immediately internal to the geniculate body and 
to terminate in the roof of the ventricle of the optic lobe. In fig. 14, Plate V, the external 
geniculate bodies are seen to be embedded in the fibres of the optic chiasma, the great mass of 
which lie on their outer side, and the smaller mass described above on the inner side. The 
anatomical arrangement shows the close relationship of the geniculate bodies and the optic tract. 
The central ending of the optic nerve in the bird has been described and beautifully illustrated 
by Bextonci,* with whose account of the optic chiasma this description practically agrees. 
This author also alludes to certain fibres in connection with the two bundles into which, as 
mentioned above, the optic chiasma divides ; these are :— 

(a) Inferior optic fibres, which pass from the chiasma to end in the grey matter of the 
third ventricle. 

(8) Superior and anterior fibres, which pass through the geniculate body and unite with 
the external bundle of the optic tract. 

(y) Superior and superficial fibres lying directly above the corpus geniculatum passing 
through the grey substance of the thalamus and uniting with the external bundle 
of the optic tract. 

All these fibres are shown in our figures. 

In close association with the optic chiasma there are the following tracts :— 

1, GuDDEN’s commissure. 

2. Commissura post chiasmatica. 

3. Commissura supra infundibularis. 
4. Epithalamic connection. 

5. Pallial connection. 

6. Connection with ganglion isthmi. 


7. Connection with the hemispheres and thalamus. 


* Bellonci, Joc. cit, 
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1. GuDDEN’s Commissure or Commissura Inferior (BELLONCI)—This commissure is seen in 
the horizontal sections (figs. 13 and 14, Plate V), and in sagittal sections (figs. 16 and 17, Plate VI). 
In the former plane it appears as a distinct band of fibres immediately behind the optic chiasma, 
internal to the deep branch of that tract. In fig. 15, Plate VI, it is cut in transverse section and 
appears to give fibres to the optic chiasma. | 

Fig. 13 shows that it has an origin in the grey matter of the interior of the optic vesicle, 
and in sagittal sections (figs. 16 and 17, Plate VI) fibres are seen coming down from the nuclei of 
the thalamus. 

In fig. 15, Plate VI, where it is cut in transverse section, it appears to give fibres to the 
optic chiasma. 

2. Commissura Post-Chiasmatica (described by Eprncer in the Reptiles)—T his commissure 
is well seen in Fig. 14, Plate V, and consists of a well-marked band of fibres which sweeps round 
the ventricle anteriorly, closely applied to the optic chiasma, and to which it appears to give fibres 
(Fig. 15, C.p.c.). It is immediately posterior to GupDEN’s commissure. Its fibres pass backwards 
on each side (Fig. 14, Plate V) in a horizontal plane to the ganglion ectomammillare, or nucleus 
peduncularis (BELtoncr). It will be observed that this tract in horizontal sections makes a 
considerable angle with GuppEn’s tract, the latter is much more external than the former. 
BELLonci figures a tract having a very similar position to this, and describes it under the name of 
the Decussatio Inferior. As this writer suggests, it is probably the representative of the Fibra 
Ansulate of other types, a decussating system existing in the Reptiles and Amphibians, and 
regarded by BELLONCI as corresponding to MEyNERT’s commissure in Mammals. 

Their termination in the ganglion ectomammillare is well seen in our figures ; whether 
they pass after decussating to the upper part of the thalamus, as stated by BELLONCI, is uncertain. 

3. Commissura Supra Infundibularis—This commissure is also well seen in Fig. 14, 
Plate V, having an opposite position to the previous commissure, and decussating behind the third 
ventricle. Its fibres appear to arise in the lateral walls of this ventricle. 

4. Epithalamic Connection.—In sagittal sections (Figs. 17 and 18, Plate VI) a scattered band 
of fibres are seen to come down from the roof of the thalamus, perhaps from the ganglion 
habendulew, and to pass forward, behind the anterior commissure, to a position in front of the 
optic chiasma, to which place also fibres from the pallial tracts converge, as described in the next 
paragraph. 

5. Pallial Connection—The middle group of pallial fibres, which pass backwards in front 
of the anterior commissure to a spot immediately in front of the chiasma, have already been 
described, and are seen in Figs. 16 and 17, Plate VI. 

6. Connection with the Ganglion Isthmi—This tract, which will be described later on, is a 
well-marked tract which, after lesion of the medulla in the region of the ganglion isthmi, undergoes 
degeneration, and can be traced into the optic tract (Figs. 40-45, Plate IX). 

7. Connection with the Hemispheres and Thalamus.—Bxtionci describes bands ot fibres 
passing from the region of the ganglion ectomammillare and the interior of the optic lobes to end 


respectively in the fore brain and in the thalamus. Our sections do not afford sufficient evidence 
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as to the exact origin and termination of certain fibres which appear to correspond to those 


indicated by this observer, 


III. Posrerror CommissuRE AND LAMINA CoMMIssURALIS MEsENCEPHALI 


(a) Posterior Commissure.—This is seen as a large bundle cut transversely in sagittal sections 
(Figs. 15 and 18, Plate VI). In Fig. 17 the fibres are seen curving backwards to join the 
posterior longitudinal bundle. In horizontal sections (Fig. 7, Plate IV) it is seen in the roof of 
the mesencephalon, and in transverse sections (Fig. 28, Plate VII) the deeper portion can be seen 
curving inwards around the aqueduct to the region of the descending fibres of the posterior 
longitudinal bundle. 

(b) Lamina Commissuralis MesencephaiiA wide commissure limited in front by the 
posterior commissure, and behind by the decussation of the fourth nerves. 

It is seen in sagittal sections (Figs. 15-18, Plate VI) cut transversely, and its great width 
is obvious in horizontal sections (Fig. 7, Plate IV). It is a lamina of white fibres extending 
between the two optic lobes, the fibres reaching far. into the roof of the ventricle of the vesicle 
(Fig. 28, Plate VII). In this commissure lie the large ganglion cells of the roof of the aqueduct, 
which were originally described by Srrepa.* Stained by HExp’s modification of the Nissl 
method, we have found that they are grouped as parallel rows of large oval cells as large as those 
forming the nucleus of the IIIrd nerve. Their nucleus is large, and their protoplasm contains 
numerous Nissl bodies (Fig. 55, Plate X); it is believed that they give origin to the radix 
mesencephali of the trigeminus. Branpist describes in considerable detail certain fibres in the 
region of the medulla oblongata turning round so as to surround the Vth nucleus, and giving off 
branches which pass into that nucleus, and states that this tract can be traced upwards into the 
region of the roof of the middle brain, and in some of our Marchi preparations, after lesion of the 
optic lobe, certain degenerated fibres can be seen passing from the region of these cells downwards 


into the medulla. 


IV. ‘[RansvERSE FIBRES OF THE Optic VESICLE 


(a) The commissure of the optic vesicle described as above. 

(b) Deeper transverse fibres from the interior of the optic vesicle which arise much anterior 
to the previous group, and pass across to the wall of the aqueduct (Figs. 9 and 10, Plate V). 

(c) Lractus tecto-spinalis.—Fibres arising in a similar position to the preceding, and passing 
more obliquely than the transverse fibres ; they form part of the descending mesencephalic fibres, 
extending downwards to the cord (Fig. 11, Plate V). 

(d) The diagonal tract—A well-marked bundle more ventrally situate to any of the 
preceding, and passing in a diagonal region to the region of the oculomotor nucleus (Figs. 12 and 
13, Plate V). 

We have not found any description of fibres corresponding to these, which may represent 


tracts connecting the sensory with the motor side of the visual apparatus. 


* Stieda, loc. cit, + Brandis, § Arch. fiir Mikr. Anat.,’ 30, 43, 1894. 
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V. MeEsENCEPHALIC SYSTEM OF FIBRES 


A system of efferent fibres from the mesencephalon to the cord was described in the Cat by 
one of us* and by Hexp.t In the Cat it was shown that Foret’s decussating fibres formed the 
efferent lateral columnar fibres, whilst anterior columnar fibres degenerated in the posterior 
longitudinal bundle. A similar system was shown by us to exist in the Bird at the Neurological 
Society’s meeting (June, 1897), and this is also described in their recent paper by Mtnzer and 
WIENER. 

These observers distinguish, after lesion of the optic vesicle, as degenerating tracts, the 

(a) Tractus tecto-bulbaris profundus cruciatus—Fore.’s fountain decussation—which, 
crossing over the median line to a position ventral to the posterior longitudinal 
bundle, can be traced caudalwards into the medulla oblongata. 

(8) TLractus tecto-bulbaris superficialis non-cruciatus, which passes ventrally, remaining 
superficial, and loses itself in a ganglionic mass, which corresponds to the 
trapezius nucleus of rabbits. 

They also succeeded in obtaining degeneration of the descending Vth root. 

(y) Tractus tecto-cerebellaris, which passes from the ventral and posterior part of the 
optic lobe and ends in the cerebellum, partly in the nucleus of the ‘ Kleinhirn 
KGrper,’ partly in the ventral lobules of the middle of the cerebellum. 

Our own observations agree in the main with those of these writers, and the investigation 
of the origin and destination of these tracts shows the marked resemblance which exists between 
this system in Birds and Mammals. After injuries to the mesencephalon we find that there arise 
a system of arciform fibres which sweep across the formatio reticularis, and for the most part 
decussate in the middle line. The commencement of this system is shown in Fig. 28, Plate VII, 
where fibres can be seen streaming in from the mesencephalon to cross the raphe. This origin 
corresponds to that of the ‘ fountain decussation’ of Foret. In the series of transverse sections 
(Figs. 41-44, Plate LX) extending from the upper level of the origin of the IIIrd nerve to the origin 
of the [Vth nerve, the degeneration which these fibres undergo after lesion of the mesencephalon 
is well shown. ‘They occupy especially two regions of the formato reticularis, (1) a deeper dorsal 
position, (2) a more superficial ventral position, and correspond respectively with the antero-lateral 
and lateral columnar fibres described by one of us, 7.e., with the fountain decussation of MEYNERT 
and ForrL. After their decussation they form a descending system of fibres, and are seen in all 
sections below this level, extending as far as the cervical region of the cord (Figs. 47-50, Plate LX): 
In those cases in which the lesion was made at a lower level of the mesencephalon, and involved 
also the lateral region of the medulla, a third system of decussating fibres appears, which is situated 
dorsally and apparently supplies fibres to the posterior longitudinal bundles (Fig. 46, Plate IX). 

The degeneration of these fibres is very well marked (Fig. 47, Plate LX), and they probably 
in part go to form the ventral fibres of the cord (Fig. 50, Plate X), being supplemented by those 


derived from the higher origin. 


* Boyce, ‘ Phil. Trans.,’ B, 1895. + Held, ¢ Arch. f, Anat. und Phys.’ 1892. 
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Russe.1,* in the case of the Dog and Monkey, after severing Derrer’s nucleus from its 
connection with the medulla, has found a degenerated band of fibres almost in an identical position 
to that now described by us. Many of the fibres enter the posterior longitudinal bundles of both 
sides, where they pursue an ascending and descending course. ‘The descending fibres can be 
traced into the cord as far as the thoracic region. ‘The tracts thus described in the Bird and 
Mammal therefore resemble each other in their course and destination. 

Russett has also described efferent lateral tracts resulting from a lesion of the medulla. 
We agree with this author in maintaining that they belong to the same system as the efferent 
mesencephalic fibres. That RussELu’s tract is an uncrossed one is easily explained by the view 
that the decussation has occurred higher up. 

Throughout the medulla and pons uncrossed internuncial fibres exist, entering the formatio 
reticularis and receiving additions from various levels. In some of our experiments the cerebellum 


and restiform body were involved, and sections (Figs. 46, 47, Plate LX) show that there results a 


well-marked degeneration in fibres which occupy the periphery and ventral aspect of the medulla 
many of them cross to the opposite side, others end in the formatio reticularis or olive of the same 
side. 

The position assumed by these fibres is identical with that described by Russet as resulting 
from ablation of the middle lobe of the cerebellum, and after section of the restiform body. 
FRIEDLANDER states that in the Bird, after lesions of the cerebellum, a degenerated tract of fibres 
can be traced into the spinal cord as far as the lumbar region. Our observations are opposed to 
this view ; lesions limited to the cerebellum do not in our experience give rise to degenerations 


descending into the spinal cord. 


VI. AscenpING TRACTs AFTER LESION OF THE MESENCEPHALON 
1. Median Optic Bundle (PERLIA) 


In 1889 PrRxtat enucleated the eyeball of a Chicken. In addition to the resulting 
atrophy of the opposite tract, he described as the median optic bundle an atrophied strand of fibres 
which lie just median to the optic tract, and which, traced upwards, are found to terminate in the 
ganglion isthmi in the roof of the middle brain. ‘This ganglion he consequently regarded as a 
reflex centre between the retina and the sphincter iridis. In lesions ot the corpus bigeminum we 
have found a bundle of fibres occupying identically the same position as described by PeERrta, 
This degenerated bundle makes its appearance at the level where the [Vth nerve becomes 
superficial, at the angle formed by the pons, cerebellum, and optic vesicle. 

It is situate just internal to the most dorsal part of the optic tract, and can be traced 
ventrally into the thalamic region as far as the foremost part of the optic tract. It thus contains 
fibres which degenerate in both an ascending and descending direction. ‘This fact was demon- 
strated by us at the meeting of the Neurological Society in June, 1897, and has quite recently 


been made the subject of a special paper by WaLLeNnBERG,| who succeeded in injuring the 


* ¢ Brain,’ part lxxx, p, 427, 1898. + Perlia, oc. cit, } Loe. cit. 
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ganglion isthmi, or ‘ganglion opticum dorsale’ (JELGERsMa), by a needle passing through the 
neighbouring part of the cerebellum. He describes the resulting degeneration as existing in the 
thalamic region in an identical position to that noticed by us, but further states that the tract 
passes into the opposite optic nerve, and can be traced to end in the retina around the cells of the 
ganglionic layer. The same author has also observed a tract of fibres which degenerate towards 
the region of the ganglion isthmi after a lesion of the outer part of the cortex of the optic vesicle. 
This tract he names the tractus isthmo-tectalis. Hence we have a reflex arc, whose afferent 


system conducts from the complicated cortex of the optic lobe, and whose efferent trunk terminates 


in the retina. WeaALLENBERG regards this system as of great importance, whose function is a - 


regulation or accommodation of the retina. 


2. Tractus Mesencephalicus Striatus. 


Series of transverse sections extending upwards from the mesencephalon always show, 
after lesion of the optic lobe, a well-marked band of degenerated fibres. ‘These commence as a 
scattered system about the level of the IIrd nerves, and soon collect into a distinct strand which 
passes upwards into the thalamic region, where it occupies a position immediately ventral to the 
tr. striomesencephalicus. It can be traced to end in the striate region. Thus, between the corpus 
striatum and optic lobes there exist distinct ascending and descending tracts. 

MUtnzer and WEINER have arrived at the same conclusion ; they moreover state that the 
tr. mesencephalicus striatus is partly crossed, the crossed part deriving some of its fibres at least 
from the commissura inferior of GuppEN. We have seen certain degenerate fibres in the com- 
missura inferior, but in our sections of the thalamic region after lesion of the optic lobe, Marchi 
preparations show degeneration only on the side of the operation. WALLENBERG* has described, 
under the title tractus isthmo-striatus or bulbo-striatus, a tract which in the thalamic region 
certainly has an identical position to the tr. mesencephalicus striatus. According to this observer, 
it takes origin about the level of the ganglion isthmi, and in part crosses to a similar position on 
the opposite side ; from these two foci the tracts can be traced up to and into the ventral part of 
the corpus striatum. 

We do not think the evidence is sufficient to separate this tract of WALLENBERG’s from the 
tr. mesencephalicus striatus ; a crossing, such as the author describes, is always found after lesion of 
the optic lobe, but it may be part of the ‘fountain decussation’ characteristic of this region, and 
not a special decussation of an ascending system, whilst its course and termination again correspond 


to that of the mesencephalicus striatus. 


VII. Tracrs oF THE SPINAL CorD 
These are :— 
Ascending in the posterior columns as far as the upper extremity of the cord. 
In the lateral region, a very well marked direct cerebellar tract passing by the corpus 


restiformis into the cerebellum. 


telbocs Cit. 
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A short tract in the anterior columns which does not quite reach the middle line ; this 
system is probably internuncial in nature, connecting different levels of the spinal cord. 

Descending.—The descending tracts occupy both the anterior and lateral columns in the 
same relative position as the direct and crossed pyramidal system of Mammals, and extending 
downwards into the lumbar region. This description agrees in all respects with that of MUNzER 
and WIENER. 

A. FRIEDLANDER,* who has recently studied the degenerations following lesions of the 
spinal cord in the Bird, takes a different standpoint. 

He holds that there are no distinct system tracts in the cord, but that fibres of an inter- 
nuncial nature ascend and descend in the same region. As, however, indicated we cannot accept 


this opinion. 


PHYSIOLOGICAL 


The anatomical features which we have described bring out four salient facts :— 

(1) The absence of any tracts extending to the spinal cord from the cerebral hemispheres. 

(2) The paramount importance of the tracts from the cerebral hemispheres to the 

mesencephalon. 

(3) The extensive connection existing between the corpus striatum and the thalamus. 

(4) The importance of the mesencephalon both as a reflex centre and as the seat of origin 

of important spinal tracts. 

(1) Lhe Absence of Tracts extending from the Hemisphere to the Cord.—Such a system of 
fibres, according to EpincEr, first makes its appearance in Mammals, ‘This author remarks, 
‘Der Fuss ist ein novum additum, das erst sehr spat in dem Thierreiche erscheint’ (¢ Vorlesungen.’ 
1896). No trace is found in Fishes, Reptiles, or Birds, it appears pari passu with the great 
development of the cortex, and the entire absence in these animals of any noted defect of 
movement after removal of one hemisphere, accords with this anatomical fact. ‘That the cerebral 
hemisphere, however, does exercise a great influence over the rest of the nervous system, is shown 
by the condition of pigeons in which both hemispheres have been removed. ‘This has been made 
the subject of an elaborate study by ScHRADER.tT 

We can fully confirm the description this observer gives of the symptoms, which vary 
according to the time which has elapsed since the operation. After recovering from the operation 
the animal is markedly inert, standing with ruffled feathers and bent head ; its eyes are shut, and 
the animal pays no attention to noises, nor when the eyelids are open does the movement of objects 
in the field of vision produce any effect ; when touched the animal makes a few steps forward 
and then comes to a standstill. “There is complete loss of initiative ; when thrown into the air 
it obtains some kind of support from its wings, but the appearance is more of falling than flying. 
It does not pick corn, and must be fed. After several days this condition of lethargy passes away 
and is replaced by constant walking aimlessly about,—as SCHRADER says, the animals wander 


ceaselessly to and fro. “They are capable of perching, and adjust their balance when placed in a 


* Friedlander, /oc. cit. + Schrader, ‘ Pfliiger’s Arch.,’ vol. 55, pp. 44, 175. 
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position opposed to gravity. Since they never run into obstacles, the movements of the animal are 
always under some guidance. 

It is probable that we are dealing here with symptoms resulting from the activity of the 
remaining parts of the central nervous system relieved from the control of the cerebral hemispheres. 

2. The function of the strio-thalamic tract is unknown ; it may be noted, however, that of 
the two parts of the surface of the brain which are excitable by the faradic current, one is situated 
on the lateral aspect of the hemisphere, in a position corresponding to the junction of the 
strio-thalamic with the common origin of the occipito-mesencephalic and occipito-frontal tracts 
(Figs. 51, 52, 53). We here found that stimulation of this area was followed by rotation of the 
head and neck to the opposite side, and a simultaneous movement of pecking and deglutition ; and 
SCHRADER, from his experiments, came to the conclusion that injury in the thalamus deprived a 


falcon of the power of swallowing—that is, of getting meat placed in its beak into the pharynx. 


OBSERVATIONS AND EXPERIMENTS IN CONNECTION WITH VISION 


The Tractus occipito-mesencephalicus may be regarded as the earliest representative in the 
animal series of the important system of fibres existing in the higher vertebrates which connect 
the primary optic centres—the optic lobes—with the cerebral hemispheres, though it is possible, 
according to EpinGeEr,* that the higher reptiles possess in a much less developed form such a tract. 

In the Bird the occipital lobes are largely developed, and in addition to their connection 
with the optic lobes, are brought into relation with the frontal regions by the associational tracts, 
and with each other by the anterior commissure. 

Our experiments show that the constant result of interference with one hemisphere is 
marked deficiency of vision in the opposite eye. ‘This result occurs after removal of the anterior 
or posterior portion of the cerebral hemisphere, after removing the pallium or destruction of the 
great cell mass of the hemisphere, leaving the pallium intact, thus demonstrating the complicated 
and extended relations of the visual tracts. 

No alteration is seen in the pupils after such operations ; they remain in equal size and 
re-act promptly to light. ‘This observation is also made by Mtnzer and Wiener. Injury to 
one object vesicle also causes deficiency of vision in the opposite eye. 

Several further questions arise ; Munk t removed one hemisphere and enucleated the eye 
of the opposite side, and showed that the animals were still able to avoid obstacles, and that they 
thus possessed a visual guidance independent of the hemisphere. The observation has been 
confirmed by Srerani,t Mtnzer and Wiener,§ and ourselves. This result probably depends on 
the integrity of commissural fibres connecting the two opposite lobes by means of which the eye 
is placed in connection with the hemisphere of its own side. STEFANI maintains that permanent 
complete blindness results if, when one hemisphere is removed, together with the opposite optic 


lobe, the eye of the same side as the injured hemisphere is enucleated. Miwtnzer and WIENER, 
however, found that blindness did not occur in such cases when a newly-fledged Bird was made 


* Edinger, 3. ‘ Neue Studien iiber das Vorderhirn der Reptilien ;’ f Stefani, ‘Phys. Centralb.,’ vol. 3, p. 323, 1889 
¢ Abhandlungen der Sencken. Naturforsch. Gesell.,’ 1896. § Miinzer and Wiener, oc. cit. 
+ Munk, ‘Ber. d. k. Preuss, Akad.,’ Berlin, 1888. 
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the subject of the operation. One explanation of this difference is that the resulting affection of 
sight after injury to an optic lobe depends on the extent of the lesion. If the lesion is very severe, 
involving the nuclear masses of the optic vesicle, then the animal presents marked deficiency of 
sight in the opposite eye. In a comparatively slight lesion, when the connection between the two 
optic vesicles is maintained to some extent, the animal is still capable of seeing. The question of 
the relation of the pallial tract to vision is important ; we have seen that a superficial brain lesion 
produces symptoms similar to one involving the posterior part of the brain, and by the following 
experiment Munzer and Wrener seem to have demonstrated the importance of the tract in vision. 

In a newly-fledged Bird the left hemisphere was removed, the Bird apparently seeing clearly 
with the right eye. 

In six weeks the right hemisphere was removed, but the mesial surface left intact. “The 
left eye now became blind, the right remained capable of seeing, and this integrity of vision could 
alone depend on the remaining pallium. 

Has the pallial tract any other connection with vision ? 

FERRIER long ago described, from stimulating the mestal aspect of the hemisphere, 
contraction of the opposite pupil, a result which we have fully confirmed. Such stimulation, as 
the position indicated in Fig. 51, Plate X, shows, is applied directly to the superficial fibres of the 
tractus septo-mesencephalicus, and we found a certain number of degenerated fibres in the tract 
after removal of the corresponding part of the cortex, but we cannot trace any connection with 
the oculometer nuclei nor any decussation in the mesencephalon.* The vast importance of the 
mesencephalon becomes apparent if we enumerate its various connections with the rest of the 
centre nervous system :— 

1. With the corpus striatum of the same side by the tr. mesencephalicus striatus and 
tractus striomesencephalicus, which latter affords an indirect connection with the thalamus. 

2. With the pallium of the same side by means of the tr. septo-mesencephalicus. 

3. With its fellow of the opposite side by the posterior commissure. 

4. With the medulla by internuncial fibres. 

5. With the cerebellum by the tr. tecto-cerebellaris, and by the superior peduncle of the 
cerebellum. 

6. With the spinal cord by the efferent mesencephalic tracts, and by fibres in the posterior 
longitudinal bundle. 

7. The peculiar retinal connection by the median optic bundle (PERLIA, WALLENBERG). 

In Cats no motor symptoms other than the occurrence of forced movement of rotation are 
noticed after lesion of the corpora quadrigemina. In Birds the mesencephalic pyramidal system is 
functionally more developed, and we have been able to satisfy ourselves that after a lesion of 
moderate severity to one optic lobe, a certain amount of weakness in the opposite limbs occurs, so 


that the animals tend to fall to that side. 


* Wesley Milis, in a communication to the Royal Society of Canada, 1898, does not agree with these observations. 
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DESCRIPTION OF PLATES 


The figures have been drawn by one of us (R. B.) by means of Edinger’s camera lucida, and 
are all of nearly equal magnification. 
Pirate IV. Figs. 1—7 

Fig. 1 Pigeon. Horizontal section through cerebral hemisphere. Very superficial. Weigert stain. - 
Left hemisphere. 

A. Pallial tract. Origin seen on mesial surface of section. 

Fig. 2 Pigeon. Horizontal section through cerebral hemisphere. Slightly deeper than Fig. 1, and 
showing the ventricle. This and the succeeding sections are through the right 
hemisphere. 

A. Pallial tract, taking origin from the fore part of the brain, from the mesial surface, and 
extending laterally. 

Fig. 3 Pigeon. Horizontal section, deeper than preceding figures. 

A. Pallial tract, taking origin from fore part of brain and from the mesial and _ lateral 
aspect. 

Fig. 4 Pigeon. Horizontal section, at a deeper level than the preceding. 

A. Pallial tract. £. & F. Origin of Tr. occipito-mesencephalicus and Tr. occipito- 
frontalis. 

Fig. 5 Pigeon. Horizontal section. Deeper level than preceding figures. 

A. Pallial tract. B. Origin of striothalamic tract. C. Origin of strio-mesencephalic 
tract. E. & F. Origin of occipito-mesencephalic tract and occipito-frontal tract. 
F. Anterior fibres of occipito-frontal tract. 
Fig. 6 Pigeon. Horizontal section, at a deeper level than preceding figures. 
Letters as above. 

Fig. 7 Pigeon. Horizontal section, at a deeper level than preceding. Weigert stain. 

Letters as above. E. & A.w. Occipito-mesencephalic and anterior commissural fibres. 
Th. Optic thalamus. £pith.fr. Epithalamic fibres. Op.C%. Optic chiasma. Op.md. 
Median optic bundle. Of.7. Optic vesicle. Lm.Cm.Ms. Lamina commissuralis 
mesencephali. 

Pirate V. Figs. 8—14 

Fig. 8 Pigeon. Horizontal section, at a deeper level than preceding. Weigert stain. 

Letters as above. O/. Olfactory lobe. C.p/. Commissura anterior et posterior Palli. 
Op.tr. Optic tract. Zh. fb. Thalamic fibres. 

Fig. 9 Pigeon. Horizontal section through the base of brain. Weigert stain. ° 

Letters as above. 7%. ”. Thalamic nuclei. ¢. fr. Transverse fibres of mesencephalon. 
IV. Fourth nerve. 

Fig. 10 Pigeon. Horizontal section, at a deeper level than preceding. Weigert stain. 

Letters as above. 7.1.72. Thalamic nuclei. 

Fig. 11 Pigeon. Horizontal section through deeper plane than preceding. Weigert stain. 

Letters as above. Ax.C. Strio-mesencephalic and deep descending tracts.  Tr.tect.sp. 
Tr. tecto-spinalis. 

Fig. 12 Pigeon. Horizontal section through optic chiasma and optic vesicle. Weigert. 

Op.Ch. Optic chiasma. Gz. Corpus geniculatum. Gd. Gudden’s commissure. C.f.c. 
Commissura post chiasmatica. 4x. Deep descending tracts. Diag. Diagonal tract. 
III. Third nerve. 

Fig 13 Pigeon. Horizontal section, deeper than preceding section, and showing optic tract and tracts 
in connection with it. 

Letters as above in fig. 12. Iwf-tr. Tr. Infundibularis. 

Fig. 14 Pigeon. Horizontal section, deeper than figs. 12 and 13 ; showing optic chiasma and tracts in 
connection with it. 

Letters as in above.  Dec.sup.inf. Decussatio supra-infundibularis. G.Ect. Ganglion 
ectomammillare. 
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Puate VI. Figs. 15—22 


Pigeon. Sagittal section, median plane. Weigert stain. 

A, Tr. septo-mesencephalicus. 4.ch. Chiasmal fibres of 4. 4.f. Fornix fibres of 2. 
A.C. Anterior commissure. O/f Olfactory lobe. Op.ch. Optic chiasma. Gd. Gudden’s 
commissure. (.f.c. Commissura post chiasmatica. Jaf Infundibulum.  Dec.sup.inf. 
Decussatio supra-infundibularis. P.C. Posterior commissure. J//. ‘Third nerve. 

Pigeon. Sagittal section, lateral to fig. 15. 

Letters similar to fig. 15. G.Hé. Ganglion habendule. Jzftr. Tractus infundibularis. 
IV. Fourth nerve. 

Pigeon. Sagittal section, lateral to last. Weigert stain. 

Letters similar to preceding figures. Epith.fb. Epithalamic fibres.  Li.cm.ms. Lamina 
commissuralis mesencephali. £. Tr. occipito-mesencephalicus. 

Pigeon. Sagittal section, lateral to last. Weigert stain. 

Letters similar to preceding figures. C. Tr. strio-mesencephalicus. C.£ct, Ganglion 
ectomammillare. 

Pigeon. Sagittal section, lateral to last. Weigert stain. 

Letters similar to preceding figures. B. &% C. Tr. striothalamicus and Tr. strio- 
mesencephalicus. Of.md. median optic bundle. Op.¢r. Optic tract. 

Pigeon. Sagittal section, lateral to last. 
Letters similar to preceding figures. 2. Thalamic nuclei. 

Pigeon. Sagittal section, lateral to last. Weigert stain. 
Letters similar to preceding figures. 

Pigeon. Sagittal section, lateral to preceding figure. Weigert. 
Letters as above. 


Pirate VII. Figs. 23—28 


Pigeon. ‘Transverse section through fore part of brain. Shows origin of tracts. Weigert stain. 
A. Tr. septo-mesencephalicus. C. Tr. strio-mesencephalicus. F. ‘Tr. occipito-frontalis. 
cp. Plexus of origin of striate tract. 
Pigeon. ‘Transverse section, slightly behind preceding figure. Weigert stain. 
Letters as above. 
Pigeon. ‘Transverse section, behind preceding. Weigert stain. 
Letters as above. 
Pigeon. ‘Transverse section through hemisphere and optic thalamus. 
Letters as above. B. Striothalamic tract. Op.C#. Optic chiasma. 
Pigeon. ‘Transverse section, behind level of preceding. Weigert. 
Letters as above. .4'=chiasmal fibres of Tr. septo-mesencephalicus. 
Pigeon. ‘Transverse section through hemisphere and optic vesicle. Weigert. 
4, Tr. septo-mesencephalicus. Op.md. Median optic bundle.  Lm.cm.ms. Lamina 
commissuralis mesencephali. P.C. Posterior commissure. For. Forel’s fountain 
decussation. vf. Internuncial fibres of mesencephalon. 


Pirate VIII. Figs. 29—39 


Hen. ‘Transverse section through hemisphere. Slight lesion of hemisphere near mesial surface. 
Marchi stain. 
A. Tr. septo-mesencephalicus. 8B. Tr. striothalamicus. 
Hen. ‘Transverse section through hemispheres. Marchi stain. 
A. Tr. septo-mesencephalicus. 
Hen. ‘Transverse section through hemisphere. Marchi stain. 
A. 'Tr. septo-mesencephalicus. 
Hen. ‘Transverse section through hemispheres. Marchi stain. Removal of one hemisphere. 
A.C. Anterior commissure. #&. Tr. striothalamicus. C. Tr. striomesencephalicus. 4. Tr. 
septomesencephalicus. Op. 7. Optic tract. 
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Hen. ‘Transverse section through hemisphere and optic thalamus. Removal of one hemisphere. 
Marchi stain. 
A, Tr. septo-mesencephalicus. B. & C. Tr. striothalamicus and Tr. striomesencephalicus. 
E. Tr. occipito-mesencephalicus. Op. ¢r. Optic tract. Op. ch. Optic chiasma. C.p/. 
Commissure anterior and posterior pallii. .4.C. Anterior commissure. 
Hen. ‘Transverse section through hemispheres and optic thalamus. Removal of one hemisphere. 
Marchi stain. 
Letters as in above. 
Hen. ‘Transverse section through hemispheres and optic thalamus. Removal of one hemisphere. 
Marchi stain. 
Letters as above. 
Hen. ‘Transverse section through hemisphere and optic thalamus. Removal of one hemisphere. 
Marchi stain. 
Letters as above. 
Hen. Transverse section through hemispheres and optic thalamus. Removal of one hemisphere. 
Marchi stain. 
Letters as above. 
Hen. ‘Transverse section behind level of preceding, showing termination of degenerated tracts 
after removal of one hemisphere. Marchi stain. 
Letters as above. 
Hen. ‘Transverse section through mesencephalon, showing termination of degenerated tract 
after removal of one hemisphere. 
C. Tr. striomesencephalicus. G. Tr. mesencephalicus striatus (undegenerated). P.C. 
Posterior commissure. 


Pirate IX. Figs. 40-50 


Hen. ‘Transverse section through hemispheres and optic thalamus, showing ascending degen- 
eration after lesion of the right optic lobe. Marchi fluid. 

A. Tr. septo-mesencephalicus. 8B. & C. Tr. striothalamicus and Tr. striomesence- 
phalicus. Op. md. Median optic bundle. G. Tr. mesencephalicus striatus. .4.C. 
Anterior commissure. Gd. Gudden’s commissure. 

Hen. ‘Transverse section through mesencephalon. Lesion of the right optic lobe slightly below 
this level. Marchi stain. 

Op.md. Median optic bundle. G. Tr. mesencephalicus striatus. - amt. /at. Antero-lateral 
columnar fibres degenerating in a descending direction. Lm.cm.ms. Lamina commissuralis 
mesencephali, showing the cells of stieda. 

Hen. ‘Transverse section through mesencephalon. Lesion of right optic lobe just behind this 
level. Marchi stain. 

Letters as in preceding figure. P.C. Posterior commissure. 

Hen. ‘Transverse section through mesencephalon. Lesion of right optic lobe. Resulting 
ascending and descending degenerations. 

Letters as in preceding figures. 

Hen. Section through mesencephalon, showing resulting degenerations after lesion of the 
mesencephalon. Marchi stain. 

Op.md. Median optic bundle. G. Tr. mesencephalicus striatus. Og.tr. Optic tract. Dec. 
Decussating fibres. 

Hen. ‘Transverse section through cerebellum, optic lobe, and pons. Lesion at level of section. 
Resulting degenerations. Marchi stain. 

Letters as above. 

Hen. ‘Transverse section through cerebellum and pons. Lesion in the neighbourhood. Re- 
sulting degenerations. Marchi stain. 

Dec', Dorsal decussation. Dec*. Ventral decussation. Vm, Radix trigemini. 
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Hen. ‘Transverse section at a level slightly below the preceding section. Marchi stain. 
p-/.6. Degenerated posterior longitudinal bundle. 
Hen. ‘Transverse section through the upper part of the pons, showing descending degenerations 
in the columnar fibres resulting from a lesion higher up. Marchi stain. 
ant. Anterior columnar fibres. avz/at. Anterior lateral columnar fibres. /at.co/. Lateral 
columnar fibres. 
Hen. ‘Transverse section through pons, showing descending degenerations from lesion at a low 
level of the mesencephalon on the same side. Marchi stain. 
Letters as above. 
Hen. ‘Transverse section of cervical region of spinal cord, showing the anterior and lateral 
degenerations from a lesion at a low level of the mesencephalon of the same side. 


Marchi fluid stain. 


Puare X. Figs. 51—55 


Brain of Pigeon seen from dorsai aspect. 

c.p. Position of excitable area which produces contraction of pupil of opposite eye. Pec. 
Position of excitable area which produces complex movements of rotation of head, 
pecking, and deglutition. O/f Olfactory lobe. Cer, Cerebral hemisphere. 7. Dorsal 
ridge. Op.v. Optic lobe. med. Medulla. 

Brain of Pigeon seen from ventral aspect. 

4. Tr. septo-mesencephalicus. F. Tr. occipito-frontalis. .4.C. & E. Anterior com- 
missure and Tr. occipito-mesencephalicus. 

Brain of Pigeon seen from the lateral aspect, showing position of excitable areas, ~p. & Pec. 

Cells of the pallium. Nissl stain. Showing cell clusters, =4; in obj. 

Transverse section through the mesencephalon, showing the position of the large cells described 
originally by Srizpa in the lamina commissuralis mesencephali. 


a. These cells highly magnified, ;4; in. obj. 


ON THE STRUCTURAL ALTERATIONS OBSERVED 


IN NERVE CELLS* 
By W. B. WARRINGTON, M.D., M.R.C.P., 


DEMonsTRATOR IN ParHoLocy, UNIvERsIry CoLLEGE LIVERPOOL 


Plate XI and four Figures in Text. 


I. Ofthe anterior horns of the spinal cord after section of the posterior roots. 


II. After the division of the axons belonging to them. 


THE object of this investigation is an enquiry into the nature of certain structural changes which 
occur in nerve-cells whose functional state has been altered, either by a cutting off of the afferent 


impulses which normally impinge upon them, or by the loss of continuity in their axons. 


MertHop oF PREPARATION OF THE ‘TIssuE 

Throughout my method of preparation of the tissue for examination was as follows :— 
Immediately after death pieces of brain or spinal cord were taken about 0.3 cm. in thickness and 
fixed in a saturated solution of perchloride of mercury for 12 to 24 hours, washed in running 
water for 24 to 48 hours, hardened in gradually ascending grades of alcohol for 24 hours each, 
and then for from three to six hours in absolute alcohol. The blocks of tissue were then cleared 
in xylol, and after saturation for several hours in xylol paraffin and paraffin, embedded and sections 
cut, usually 7 ~ in thickness, occasionally 3 4. Ribbons of sections were floated from warm 
water on to a clean slide and heated in an oven at 37° C. for several hours. 

The method of staining used was that described by HELp,t viz., a double stain of erythrosin 
and methylene blue according to the following formula: erythrosin 1 grm., glacial acetic acid 
3 drops, water 150 cm. 

Stain for about five seconds; wash in water, then stain and warm in a solution of the 
following composition: methylene blue 3.75 grms., sapo Venet. 1.75 grms., water 1000 cm. 
This is diluted with an equal volume of 5 ‘/ solution of acetone. I have, however, omitted the 
addition of Venetian soap and acetone without impairing the effect. 

After washing, the sections are treated with absolute alcohol for a few seconds, which 
differentiates the colours as well as dehydrating, and shortens the process, cleared in xylol and 


mounted in Canada balsam. 


THe Normat Cex (see Plate). 
Prepared in this way a normal cell of the central nervous system has the following 
characteristics :-— 
1. The axis cylinder stains red, and can be seen to arise from a crescentic shaped elevation 


of the cell body. It is quite free from the Nissl bodies. 


* Reprinted from the ‘Journal of Physiology,’ vol. xxiii, June, 1898. Held. Arch, f. Anat.u. Phys. Anat. Abtheil. 1895. 
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2. The nucleus has a clearly defined membrane, and consists of a clear portion in which is 
the red-stained chromatin network. The nucleolus is large and stained deeply blue. 

3. The body of the cell is stained red, and throughout is densely covered with the blue 
stained Nissl bodies. In thinner sections the contrast between the differently coloured parts of 
the cells is more marked. In an ordinary cell from the anterior horn of the spinal cord the 
stichochrome arrangement of the Nissl bodies gives to the cell a distinctly streaked appearance, 
which is spoken of by Von LENHossEK as ‘tigroid.” Hep (/oc. cit.) has studied especially the 
intimate nature and origin of the Nissl bodies, and has shown that anatomically they consist of the 
finest granules, and that between these lie vacuoles. ‘To see this condition it is necessary to cut 
sections from I—2 y& in thickness. Vacuolation of this character was rarely seen in any of my 
preparations in sections about 7 »& thick. 

4. The dendrons also stain red, and along their course are the Nissl bodies. 

In connection with the normal cell I may mention that pigment was never found in the 
cell of the Cat or Rabbit, but plentifully in Man and the Monkey. The histo-chemical tests of 
Macatium show that the pigment does not contain iron in either organic or inorganic combina- 


tion. 


I—ON THE CONDITION OF THE SPINAL CORD OBSERVED AFTER 
SECTION OF SEVERAL POSTERIOR ROOTS 


Method of operation—Laminectomy was performed under strict antiseptic precautions. 
Only sterilized warm normal saline was used for sponging purposes after the muscles had been cut 
through. ‘The dura mater was freely opened and the roots cut in the region of the cauda equina 
about 4 of an inch from their entrance into the spinal cord. 

In all cases quoted the wound healed without suppuration. ‘The segmental number of the 
roots cut was ascertained in each case by post-mortem dissection, counting from the last ribs. 
The number of ribs was thirteen on both sides in all cases. 

Naked eye appearance of the cord—There was an entire absence of meningitis. A small 
amount of soft tissue was often found loosely adhering to the dorsal aspect of the cord; it was 
easily removed, and the underlying surface of the cord appeared in most cases quite normal, in 
some slightly discoloured. 

Examination of the cord.—A very large number, 1—3 hundreds of sections, were cut from 
each of the several spinal segments and stained in the manner described. On examination a large 
number of markedly altered cells were found showing the changes detailed below. 

Characteristics of the affected cells—T hese present different appearances. 

1. The most striking and perhaps the commonest form is that shown in the figure. As 
seen under an apochromatic lens mm. 3.0, aperture 1.40, compensating Oc. 12, it presents the 
following features: the nucleus is markedly eccentric, it has a clearly defined membrane and 
well-marked chromatin network. 

The nucleolus is well defined. ‘The chromatic masses have completely disappeared from 


the greater part of the cell, and are localized round the nucleus. It is noteworthy that the Nissl 
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bodies retain their form as discrete masses, the part of the cell which stains red has a distinctly 
striated character. In cells generally similar the processes may be present or absent (see Péate). 

2. Other cells have a similar appearance except that the blue masses are broken down into 
the form of a fine powder (Fig. 2). 


3. Similar to above, but nucleus absent (Fig. 3). 


Fic. 1 


Fic. 2 Fic. 3 


Fic. 4 


4. Cell increased in volume without a vestige of the colouring matter; it has a rather 
hyaline appearance, and the nucleus is absent (Fig. 4). 

5. Lastly, there are a number of cells possibly indicating the initial change. At one 
point in the periphery there is a chromatolysis resulting in the appearance of a reddish zone ; the 
nucleus is a trifle eccentric, and the rest of the cell shows the ordinary Nissl bodies. It could not 
be definitely settled whether the place at which this process commenced was the origin of the 


axis cylinder, but certainly a good many cells were found which strongly suggested this (Fig. 1). 
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THe NumBer OF ALTERED CELLS AND THEIR PosITIONS IN THE SPINAL CorRD 


Owing to the same cells being seen in several consecutive sections, it was difficult to find a 
reliable method of enumeration. “The numbers in the tables given were obtained as follows :— 
No normal cell was counted unless the nucleolus was clearly visible, and the same altered cell was 
of course not counted twice when it could be recognized as such. Another difficulty was that 
the affected cells are not uniformly distributed over the segment ; for example, thirty consecutive 
sections may show only normal cells, the next thirty a considerable number of affected ones. 


Hence for examination series of alternate tens of sections were taken. 


1 Cat. Killed on the 1oth day. Section of VIth, VIIth, VIIIth, IXth post-thoracic 
roots. 
Condition of postero-external group Condition of remaining cell groups 
SSS TY 
Segment Total No. of No. of altered Total No. of altered cells in 
nucleoli counted cells Anterior group Median group 
Vil O 
VII 247 55 2 3 
Vili 126 30 q, 
2 Cat. Killed on 12th day. Section of VIth, VII, VIIIth, LXth post-thoracic roots. 
VI Oo 
Vil 187 44 5 
Vill 116 28 4 
3 Cat. Killed on 17th day. Section of VIth, VIIth, VIIIth, [Xth roots. 
VI 146 O 3 
Vil 347 47 20 13 
Vill 86 28 
IX 12 9 4 
4 Cat. Killed on 23rd day. Section of Vth, VIth, VIIth roots. 
V&Vi f°) 
Vil 73 33 
5 Cat. Killed on 21st day. Section of VIth, VIIth, VIIIth roots. 
VI 164 7) 3 4 
Vil 173 49 3 ) 
Vil 70 9 10 2 
6 Cat. Killed on 24th day. Section of VIIth, VIIIth, [Xth roots. 
Vil 167 23 on 10 
Vill 119 8 4 2 
7 Monkey. Killed on 28th day. Section of Vth, VIth, VIIth, VIIIth roots. 
V, VI & VIII a few 
VIL Upper portion 55 oF 14 2 
8 Cat. Killed on 17th day. Section of Vth, VIth, VIIth, VIIIth cervical roots. 
V& VI Oo 
VI histo) 12 14 
Vill a few 
9 Cat. Killed on 12th day. VIth, VIIth, VIIIth cervical and Ist dorsal root. 


Practically no altered cells found. 
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In addition to the cells of the anterior horn, the small cells present in the posterior horn 
showed in some instances a similar alteration. 

The condition of the opposite side is important ; in two cases it was entirely free from 
any altered cells ; in four others a few cells, the total number being under ten, were found which 
showed the characteristic chromatolysis. In the three other cases a larger number were found ; 
in two instances these were in the VIth segment, in the anterior or median groups—they were 
present in greatest number in the VIIth segment, and here again at least half were found in the 


anterior cell group ; segments VIII and LX were practically free. 


SUMMARY OF THE RESULTS OF THESE EXPERIMENTS 

After section of several posterior roots, from the Vth to the LXth post-thoracic inclusive, a 
considerable percentage of obviously altered cells are found, their distribution in the case of the 
cat is practically limited to the VIIth and VIIIth segments, and especially to the postero-lateral 
group of cells in those segments. 

In the Monkey the upper part of the VIIth segment is picked out. The effect is to a 
very slight extent a crossed one, and presents the remarkable feature that more affected cells were 
found in the VIth segment of the crossed side than on the side of the lesion. 

In the cervical region, in one case similar but slight changes were found limited to the 


VIIth segment ; in the other case the spinal cord was practically normal. 


SIGNIFICANCE OF THESE RESULTS 

An examination of a large number of sections from normal spinal cords failed to show cells 
in any way comparable to those just described, and the question of artefaction can, I think, be 
dismissed. 

Neither is the escape of the cerebro-spinal fluid capable of producing any such alteration. 
Sections cut above the seat of lesion, but from a piece of the cord over which the dura mater had 
been opened, always showed the typical normal structure. 

With regard to inflammation and disturbance of the blood supply, the great number of 
sections were entirely free from any sign of inflammation or connective tissue change, and except 
for the presence of the altered cells the side of lesion could not be recognized. I do not think 
that the connective tissue change is attended by any comparable alteration in the cornual cells. 
In some sections in which there was proliferation of the tissue of the posterior horn extending 
inwards in the grey matter, no alteration whatever was observed in the cells. If it produces any 
change, it is most likely one which causes shrinkage and disappearance of the cells, and 
not an alteration such as that described. That the nerve-cells undergo profound alteration in 
consequence of a disturbance in the vascular system is well known from the work of Mitnzer 
and WieneER,* Marinesco,t Lamy, and Batier.§ 

But certain appearances of the cells noted in my observations are not generally found as 


the result of a primary vascular disturbance: viz., the eccentric position of the nucleus ; the 


* Miinzer u. Wiener. ‘Arch, f. exper. Path. u. Pharm. 35.  { Lamy. ‘Archives de Physiol. norm, et path.’ p. 184. 1897. 
+ Marinesco. La ‘Presse Médicale.’ Jan. 27, 1897. § Ballet, Le ‘Progrés Médical.’ June 27, 1896, 
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persistence in some cells of the normal arrangement of the chromatic bodies, though these are 
much reduced in number and driven up to the periphery, the entire absence of vacuolation (see 
figures by Marinesco and others) and in many instances the maintained integrity of the cell 
processes. 

It may also be pointed out that the only artery divided in the operation is the posterior 
radicular, a small branch distributed to the caput and posterior root; it does not extend much 
laterally and is in no relation with the large cornual cells, which are almost exclusively supplied 
by ramifications of the anterior spinal artery. 

The view I wish to maintain is that the changes are the result of the withdrawal of the 
afferent impulses which normally impinge upon the cornual cells. After sections of the posterior 
roots connected with a limb, the loss of muscular tone is pronounced, the limb is almost flail-like, 
and in addition to an ataxia, Dr. Morr and Professor SHERRINGTON* have shown that there is a 
marked impairment of movement, especially of the hand or foot. Hence the anterior cornual cells 
must be in a highly altered functional state. 

The peculiar distribution of the altered cells affords further support in this view. 

First, as regards their marked limitation to the postero-external group. 

(1) Histological evidence shows that this group is most richly innervated by the collaterals 
from the posterior roots. 

In the cases of tabes dorsalis presenting muscular wasting, an affection of this group of cells 
has in several cases been found, and Cuarcort attributed this to its intimate relation with the 
reflex collaterals. ScHAFFER{ has also adopted this view and has described a case of tabes with 
atrophy of the peroneal muscles, in which certain cells of the anterior horn showed a chromatolysis. 

(2) The cells of the group also are connected with the muscles of the palm and sole, which 


are concerned in grasping movements of the hand and foot and opposition of the pollex ; 


movements which, as shown by Morr and SHERRINGTON, cannot be performed by an animal after 


the section of certain posterior roots. 

(3) The observations of the condition of the spinal cord in a large number of cases of old 
standing amputations uniformly show that the maximum in intensity of atrophy in the anterior 
cornual cells falls on the posterior external group. ‘This fact led FRIEDLANDER and Krause§ to 
regard the group as sensory in nature and comparable with CLarKe’s column. 

Homen,]|| in a detailed analysis of the condition of the spinal cord in the case of a Dog in 
which he had amputated the thigh 27 months previously, shows that the postero-external column 
was much more affected than any of the other remaining cell groups, and he also found a similar 
condition in amputation at the shoulder-joint. In such cases any alteration resulting in the cells 
from destruction of their axons must affect the several groups equally, and I shall show in the 
second part of this paper that division of an anterior root is followed by changes in practically all 


the cells on that side of the corresponding segment, and that these changes are not more advanced 


* Mott and Sherrington, ‘ Proc. Roy. Soc.,’ 57, p. 481. 1895. § Friedlander u. Krause. ‘ Fortschritte der Medicin,’ 
+ Charcot. ‘ Lectures on Nervous Diseases,’ p- 749. 1886. 
{ Schaffer. ‘ Revue Neurologique.’ 1896, \| Homén. ‘ Ziegler’s Beitrage zur Path. Anat.’ 1890, 
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in any one group. Hayrm* and Maysert working with the older histological methods, showed 
that a similar localization of the atrophied cells occurred in the spinal cord, as a result of section of 
the sciatic nerve ; and Duri., using the Nissl method of staining, again found that in a guinea-pig, 
after section of the same nerve, the characteristic changes were chiefly found in the lateral group, 
though more anteriorly. 

These observations afford evidence that the postero-lateral group is especially dependent 
for the maintenance of its functional activity on the integrity of the afferent impulses. 

Secondly, the limitation to VIIth and VIIIth post-thoracic segments. 

I find again the explanation in the observations of Morr and SHERRINGTON. ‘i hese 
observers have shown, in the Monkey, that when the Vth, VIth, and VIIth post-thoracic roots are 
divided, the sole of the foot is anzsthetic and the defect in movement is extreme, and conversely 
that, ‘if the sensory roots of the whole series of the spinal nerves belonging to a limb be severed, 
with the single exception of, in the lower limb the VIth post-thoracic (distributed to the whole 
extent of the foot), a certain degree of impairment of movement of the limb results, which appears 
rather a weakness than clumsiness, but the degree of impairment is altogether quite slight.’ 

In the Cat the corresponding roots are the VIth, VIIth, and VIIIth. Further, the VIIth 
and VIIIth anterior roots are distributed to the muscles which move the foot and digits, the 
movements of which as just noticed are practically abolished after severance of the afferent roots. 

These observations show that the motor cells of the VIIth and VIIIth segments especially 
depend on the reflex impulses as an incitement to an efficient discharge. 

The escape of the sixth segment is interesting, its motor fibres are distributed in 
considerable part to the extensor muscles of the knee, and it is known that extension as a primary 
reflex movement is most difficult to obtain. 

Turning again to the records of the condition of the spinal cord after amputation, though 
exact statements as to the segments in which the atrophy of the anterior cornual cells occurs are 
not in most of the cases given, it can be seen that it is especially the lower part of the lumbar 
enlargement which is involved. 

Thus, without attempting any detailed analysis of these cases, | may instance VULPIAN’s 
case of amputation just above the left ankle, in which the atrophy of the grey matter was found in 
the second and first sacral segments. 

In two cases of CaMPBELL’s§ of amputation just below the knee the diminution of cells 
was found in IInd and Ist sacral and Vth lumbar segments. In cases of amputation of the thigh 
recorded by L. Crarkeg,|| DEyeRmnE and Mayor, the diminution of cells was noted to be limited 
to the lower part of the lumbar enlargements, in those recorded by DrescHFELD** and REyNnotpstt 
to the lower and middle part of the lumbar region, and in a similar case recorded by Marrnesco, {1}. 


it is stated that no diminution was noted in the number of the cells higher than the level of the 


*Hayem., ‘Arch. de Phys, norm, et pathol.’ p. 504. 1873. @ Dejerine et Mayor, ‘Comptes Rendus,’ 1878. p. 24 


+ Mayser. ‘Arch. f, Psychiatrie,’ vii, p. 539. 1877. ** Dreschfeld, ‘ Journ. of Anat, and Physiol.,’ xiv, 
t{ Vulpian, ‘Arch, de Phys. norm, et pathol. p. 443. 1868. Pp» 424. 1879. 
§ Campbell. ‘ Proc. Liverpool Med. Institution.’ 1896. tt Reynolds. ‘Brain,’ xxxvi, p. 494. 1887. 


|| L. Clarke. ‘Med, Chir, Trans.,’ li, p. 249. 1868. tf Marinesco, ‘Neurol, Centralb.,’ p. 463. 1892. 


204 THOMPSON YATES LABORATORIES REPORT 


[Vth lumbar segment. So also in experimental amputations at the thigh and shoulder-joints in 
young Dogs, Homen (és. cit.) notes that the diminution in the number of cells on the side of the 
lesion was limited to VIIIth, VIIth, and VIth post-thoracic segments in the lower limb, to the 
first dorsal and VIIIth and VIIth cervical in the case of the upper limb. 

These cases of amputation show the final results in the several spinal segments which 
follow interference with a motor nerve cell (a) by destruction of its axon, (4) by cutting off the 
afferent impulses, and they show that the atrophy is not uniformly proportional to the extent of 
the lesion. 

At this point it is necessary to refer again to some observations to be described in the 
second part of this paper, viz., that after division of an anterior root, changes are found in all the 
cells within a very short time. 

At present I have no personal knowledge of the ultimate fate of these cells, assuming that, 
after amputation of a thigh, for example, and consequent cutting of all the axons of the cells of the 
various spinal segments connected with the muscles of the limb, and initial structural alteration 
occurs in these cells, we have to explain why the final result should be practically limited (as far as 
mere diminution in number) to the postero-external group and to certain segments. ‘The 
explanation why certain cells are more vulnerable is to be found I think in their special 
dependence on the integrity of the afferent impulses; and I wish to emphasize that the changes 
described as occurring after section of the posterior roots are of a very different type to those which 
follow division of an anterior root. ‘They are much more intense, the process of chromatolysis 
has advanced further, and in many cases to such a degree that all trace of the chromatic bodies is 
absent and the nucleus has disappeared. Such cells will probably ultimately atrophy and become 


incapable of recognition. 


Il, ON THE CHANGES THAT OCCUR IN A NERVE. CELL OARRER 
DIVISION OF ITS AXON 


That a relation exists between the structure of a nerve cell and the integrity of its axon is 
shown by evidence of three kinds. 

(i) In newly-born animals GuppEN long ago showed that section of a nerve trunk gives 
rise to complete disappearance or perhaps an arrest of development of the cells of origin. 

(ii) In adult animals a somewhat similar condition has been noticed if a long time has 
elapsed since the occurrence of the lesion. 

Foret* in 1887 cut the facial nerve in two Guinea-pigs at the stylomastoid foramen and 
allowed the animals to live 262 days and 141 days respectively ; in both cases he found marked 
diminution in the number and size of the cells in the side of the lesion. 

DarkscHEwITscHt in 1892 also divided the facial and hypoglossal nerves, and after six 
weeks found changes in the nuclei of origin, the cells being diminished in number, atrophied, and 


shrunken. The changes found in the cord after amputations have already been alluded to and 


* Forel. ‘Arch, f, Psych.’ 1887. f+ Darkschewitsch. ‘Neurol, Centralb.,” p. 658. 1892. 
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evidence adduced to show that one factor concerned in their production is the cutting off of the 
afferent impulses which normally innervate the anterior cornual cells by means of the reflex 
collaterals of the posterior roots. 

(iii) Nuisst* in 1892 introduced his method of staining nerve cells by methylene blue, and 
stated that in so short a period as 24 hours after division of the trunk of the facial nerve an 
alteration in structure could be found in the corresponding nucleus. “The changes described by 
Nisst may be thus summarized :— After 24 hours the blue bodies may be seen to undergo an 
alteration at one point in the cell which consists in a loss of their distinctive shape and arrange- 
ment, and a dispersion over the body of the cell. In from 2 to 3 days this change spreads all over 
the cell. ‘The Nissl bodies become paler, and ultimately take the appearance of minute specks of 
colouring matter. On the fourth day the whole cell is swollen and more globular, and the 
processes are homogeneous. On the sixth day the cells appear as if uniformly covered over with 
the finest coloured particles, and the processes have disappeared. “The nucleus passes towards the 
periphery and finally disappears. The change takes place with greater rapidity in some cells than 
others, but the 18th day all the cells in the nucleus are thus broken up. 

Nissi speaks of these changes as produced by a ‘Methode der primaren Reizung,’ and 
regards his observation as having established the fact that the cutting off of a nerve cell from its 
end organ calls forth repressive changes in the cell in fully grown animals. 

A number of observers have confirmed and extended this observation. VAN GEHUCHTEN T 
describes and figures changes in the oculomotorius nucleus produced three days after section of the 
third nerve in the orbit. Bacu,{ Fiarav,§ BERNHEIMER,|| and ScHawBE™ have utilized the 
method as a guide to the localization of the different groups of cells which compose the 
oculomotorius nucleus. Maringsco** also and FLEminGctt have obtained similar results, and 
Lucaro ff has figured changes in the spinal ganglion cells as a result of section of the sciatic nerve. 
LiEewELLys Barker §§ in a recent paper refers to this subject, and figures markedly altered cells 
obtained by ERLANGER in the case of the facial nucleus after section of its nerve trunk. My own 
observations have been made in the condition of the spinal cord after section of an anterior root, 
of the oculomotorius nucleus after intracranial division of the third nerve, and of the facial nucleus 


after division of that nerve at the stylo-mastoid foramen. 
Section of an anterior root. ‘he cauda equina of a Cat was freely exposed by opening up 


the dura mater, a posterior root pushed aside and the corresponding anterior root severed near the 


spinal ganglion. ||| “Ihe same precautions as mentioned in the cases of division of the posterior roots 
were taken. A post-mortem dissection showed that in each of three instances the seventh post- 


thoracic root had been divided and the completeness of the section was confirmed by the presence 


* Nissl. ‘ Zeit. f. Psych.,’ 48, p. 675. 1892. ‘Centralb. f. Q Schawbe. ‘ Neurol. Centralb.,’ p. 792. 1896. 


Nervenheilkunde,’ xvii, p. 337. 1894. ** Marinesco, ‘ Revue Neurologique.” Mar. 15, 1896, 
tv. Gehuchten. ‘Systeme Nerveux.’ 1896, +f Fleming. ‘Brit. Med. Journ.’ Oct., 1896. 
{ Bach, ‘Arch, f. Nervenheilkunde,’ 32, p. 16. t{ Lugaro, ‘ Rivista di Patologia nervosa e Mentale,’ 
§ Flatau. ‘ Fortschritte der Medicin, 14. 1896. p. 457. 18096. 
|| Bernheimer. ‘ Wien. Klin. Wochenschrift.’ Jan. 30, 1896. §§ Barker. ‘ Brit. Med. Journ.’ Dec. 25, 1897. 


|||| Onufrowitz (¢ Journal of Nervous and Mental Diseases,’ 1895) has also studied the condition of the spinal cord in the 
lower dorsal region after division of an anterior root. He used vesuvin for staining and found changes somewhat similar to those 
now described by myself. 
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of the Wallerian degeneration in all the fibres of the distal pieces of the root. Aseptic healing 
took place in all the instances quoted. 

Experiment 1. Animal killed on the roth day. Examination ot the VIIth segment of the 
spinal cord. Very few apparently normal cells were met with, and these were chiefly small ones. 
The slightest change noticed, and which was also that which occurred most frequently, consisted 
in a loss of any definite arrangement of the blue coloured Nissl bodies. Fine blue granules were 
uniformly disseminated throughout the cell bodies, and hence the cells presented the appearance 
of being less deeply stained than normal. In cells of this type the nucleus remains practically 
normal. 

In other cells the alteration was more pronounced ; the nucleus was smaller than normal ; 
it had lost its well-defined margin and became wavy in outline and was surrounded by a reddish 
zone from which chromapithic bodies were absent. This is a stage of chromatolysis. In a few 
cells the nucleus had lost its central position and become eccentric. 

In rare cases there was an invasion of a disintegrating process of chromatolysis from the 
periphery. 

Experiment 2. Animal killed on the 14th day: the cord presented the same general 
appearance as in the former case, the change however being a little more advanced. A typically 
altered cell had the following appearance. The nucleus which was central had lost its definite 
outline and its membrane was not visible, the nuclear chromatin had not the ordinary net-like 
appearance, but had the appearance of an irregular homogeneous star-like body. A nucleolus was 
invisible, but several darkly blue stained particles might represent it. Round the nucleus was a 
space which contained fewer chromatic masses than the periphery ; hence it looked reddish, but 
was dotted with a fine dusty blue substance. 

The peripheral blue had entirely lost its characteristic striated arrangement, and was 
represented by a diffuse blue mass on which many darker points appeared (see Plate). 

A small minority of cells showed the process of chromatolysis beginning at the periphery, 
and in a few the nucleus assumed a distinct eccentric position. 

Experiment 3. Animal killed on the 14th day. The changes found were similar in all 


respects to those detailed above. 


EXAMINATION OF THE OcuLOMoroRIUs AND FacraLis NUCLEI AFTER DIVISION OF THE 


CORRESPONDING NERVE TRUNK 


A detailed account of the results obtained is given below. I wish to emphasize that so far 
as my own observations are concerned, the resulting changes are much less marked than those 
described as occurring after section of a spinal anterior root. “This is especially so in the case of 
the IIIrd nerve where the changes are altogether very slight. 

At an earlier period of this investigation, in the Report to the British Association, 1897, 
I stated that I was unable to find in these cells changes corresponding to the descriptions of other 
observers. 


I am still ot this opinion as regards the degree of change met with, but further experience, 
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especially that of changes in the spinal cord, leads me to believe that some difference, notably in 
the manner of distribution and form of the Nissl chromatic bodies, can be made out in the cranial 
nuclei. 

Individual variation no doubt plays a part in the production of these cell changes, but that 
there may be much difficulty in recognizing them is, I think, shown by the divergent results 


obtained by ScHawBE and BERNHEIMER in the case of the IIIrd nerve (/sc. cit.) 


Division OF THE FactaL NERVE AT THE STYLOMASTOID FORAMEN 

Experiment 1. Facial trunk exposed at its exit from the stylomastoid foramen, and torn out ; 
complete paralysis of the ear, face, and lid muscles resulted. Animal killed on the 2¢*h day. An 
examination of the nucleus of origin showed that in about } of the cells no change could be 
detected. 

Among the remaining cells several varieties of alteration noted. 

(i) The most common is that in which the chromopithic masses, losing their stichochrome 
arrangement, become dispersed as minute blue particles over the body of cell, the nucleus being 
situated centrally, and normal in appearance. 

(ii) A condition almost exactly similar to that described as found in the spinal cord 
(Experiment 2) with similar alteration in the contour of the nucleus, and the appearance outside it 
of a reddish zone indicating commencing chromatolysis. 

(iii) Very rarely cells were found exhibiting the eccentric nucleus and disintegration of the 
protoplasm from the periphery. 

Experiment 2. Operation similarly performed, but animal killed on the 14th day. ‘The 
appearances are almost exactly similar to those detailed above, and there is the same proportion of 
normal cells. 

Experiment 3. In this case the facial nerve was divided, so that the auricular branch was 
left intact, the same class of changes found, but almost half of total number of cells appeared 
normal. An examination of the nucleus of origin on the intact side showed the presence of a 


few cells whose structure was similar to that of certain of the altered cells in the opposite nucleus. 


Division oF THE IIIRD NERVE INTRACRANIALLY 

Professor SHERRINGTON kindly gave me the corpora quadrigemina of a Cat and a Monkey 
in which this operation had been done and a third specimen of the oculomotorius nucleus in a cat 
was prepared by myself. 

The corpora quadrigemina of a Man in whom the eyeball had been enucleated six months 
previously, were also examined. 

Experiment 1. Car. Killed on the 8th day. The changes are very slight and are just 
sufficient to enable one to distinguish the side of lesion by examining with a high objective. The 
characteristic change is again that the blue chromopithic masses lose their striated arrangement and 
become disseminated throughout the protoplasm as minute bluish particles. In some the nucleus 
is diminished in size and has a wavy outline, and a few show the type with the eccentric nucleus 


or with a clear, reddish zone round the nucleus. Among the normal cells of the oculomotorius 
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nucleus the majority show a striated (stichochrome) arrangement of the chromopithic Nissl bodies, 
but in some these are arranged in the form of a network (arkyochrome), and in the case of cells 
belonging to this type I find it extremely difficult to say whether there is a distinct alteration in 
structure of the chromopithic masses. 

Experiment 2. Car. Killed on the 16th day. Examination of the nucleus showed an 
appearance similar to that detailed above, if anything the alteration is less evident. 

Experiment 3. Monkey. Killed on the 28th day. The changes found in this case are of 
an entirely different nature, and consist of a distinct diminution in number of the cells throughout 
the whole length of the nucleus. I am unable to distinguish in any cells changes of a similar 
character to those described above. In transverse section the oculomotorius nucleus consists of a 
central and two lateral portions. The diminution in the number of the cells was found to affect 
the whole of one side with the exception of the upper dorsal group of cells. The central cells 
were symmetrical. 

In this case a proliferation of the connective tissue occurred which was limited to the most 
anterior part of the nucleus examined, it existed in 40 sections of 74 each, and in that region 
almost entirely obliterated the lower part of the dorsal group of cells. 

Experiment 4. Man. Died 6 months after enucleation of one eyeball. ‘The cells of the 
nucleus of the I[Ird nerve appear throughout symmetrically arranged, and no difference in structure 
could be noticed on either side of the nucleus. The cells in the middle of the nucleus, which are 
here larger and more numerous than in the extremities, stain deeply and show a well-defined 
distribution of the chromatic masses :—towards the limits of the nucleus in either direction the 
cells are smaller, and many of them on both sides possess an eccentric nucleus, while the Nissl 
bodies are very scanty, the cells in fact presenting appearances similar to those occurring in 
pathological conditions. 

The appearance does not however I think indicate any morbid state, possibly it is a 
post-mortem change, but the smaller cells of various parts of the nervous system often show 
similar features even when the tissue is quite fresh. Individual variation has also to be considered. 
In the case of the Monkey mentioned above, two distinct types of cells equally distributed were 
seen in the oculomotorius nucleus, one more spherical and lightly stained, the other polygonal 
and deeply stained, but the cells of this nucleus in a second Monkey were uniformly of the same 
type. 

REMARKS 

These results agree sufficiently with those of other observers to enable me to accept as a 
general law that in a cell loss of continuity of its axon is followed by definite structural changes. 

Manrinesco (/.c.) divides the process into two stages. 

Reaction :—Characterized by a breaking up of the chromatic substance, the nucleus 
retaining its central position and the cell its normal contour, 


Degeneration :—Characterized by the occurrence of a chromatolysis which begins according 


to Maringsco and Nisst in the neighbourhood of the origin of the axis cylinder and spreads - 


towards the dendrons. In this stage the nucleus assumes an eccentric position. 


= panel 
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In most instances the changes in my preparations have not advanced beyond the first 
stage. Owing to the large size of the cells, this is specially well seen in preparations of the 
spinal cord from the first series of experiments. The stage of commencing chromatolysis was 
reached in a few. 

In the case of the facial nucleus, again, the changes noticed belong chiefly to the stage of 
reaction, the more extreme changes of the nature of degeneration, which from the descriptions 
and figures of other writers would appear to be very common, were only rarely represented in 
my preparations. ‘The same is also true with regard to the oculomotorius nucleus—cells showing 
signs of the stage of degeneration were practically absent, thus contrasting markedly with the 
figures published by Frarau, who also divided the IIIrd nerve inter-cranially. 

The condition of the nucleus in the Monkey is remarkable. At the end of 28 days there 
was no trace of any of the changes just enumerated, but a distinct diminution in the number of 
the cells in the side of the lesion. 

_In the upper part of the nucleus the marked connective tissue reaction which is present 
would account for this disappearance of cells, but the rest of the nucleus is free from any such 
invasion. 

Is this alteration comparable to that described by Foret and DarkscHEWITSCH (/.c.) in the 
case of the facial and hypoglossal nerves? If so, it has certainly occurred at a very early date ; 
Batet has however, as early as 37 days after the section of the sciatic nerve, found a marked 
diminution in number of the cells of the anterior horns in the corresponding spinal segment, the 
remainder showing the normal structure. 

The view adopted by this observer was that the atrophy and disappearance represented 
the final result of the process of chromatolysis. 

It is difficult in transverse sections to recognize the various groups which compose the 
oculomotorius nuclei, but the sections show clearly that the most dorsal (superior) group of cells 
was least affected, and it is probably this region which gives origin to fibres of both IIrd nerve 
(Guppen), and hence might @ priori be expected to suffer least. 

In contrast to the results of this experiment is the observation on the condition of the 
same nucleus in the Human subject. The perfectly normal appearance in this case supports the 
view put forward by V. GEHUCHTEN at the recent Congress in Moscow, that atrophy of the 
nucleus of origin after division of the nerve trunk is not yet an established fact. 

In conclusion I beg to express my obligation and thanks to Professor SHERRINGTON for 
his kindness and help, and especially for valuable suggestions in connection with the former 
part of this paper. My best thanks are also due to Professor Boycr, who has throughout aided 
me by advice and criticism. 

SUMMARY. Parr II 

1. Distinct and easily recognizable changes in nearly all the cells of a segment of the 
spinal cord are found on the side of the lesion after section of an anterior root. 

2. Similar but less marked changes follow division of the facial nerve, and still less distinct 


alteration after division of the oculomotorius nerve. 
2B 
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3. The fate of such altered cells and the ultimate condition of the nucleus of origin are 
not yet definitely ascertained. 
4. The age and nature of the animal experimented on, is a factor in determining the 


rapidity and degree of alteration met with in the nerve cells. 


Pirate XI 


(Drawings made with the camera lucida. Magnification—apochromatic system 3.0 mm. Apert. 
1.40. Compensating Oc. 12.) 
Fig. 1. A normal anterior cornual cell. 
Fig. 2. Anterior cornual cell 14 days after section of the corresponding anterior root. 
Fig. 3. A cell from the postero-lateral group of the anterior horn 23 days after section of several 
posterior roots of the cauda equina. 


Gy oer 


Plate 


Fig.c. 


XI. 


FURTHER OBSERVATIONS ON THE STRUCTURAL 
ALTERATIONS OBSERVED IN NERVE CELLS* 


By W. B. WARRINGTON, M.D., M.R.C.P. 


From THE THompson Yates LaporaTory, ScHOoL OF PaTHoLocy, LivERPOOL 
Four Figures in Text. 


CoNTENTS 


1. Additional experiments showing the effect on the cells of the anterior horns in the cervical 

region of section of the posterior roots. 

2. Condition of the cells in the cord after section of both anterior and posterior roots. 

_ 3. On the ultimate fate of nerve cells which have undergone structural alteration. 
(2) After section of their axons. 
(4) After cutting off of the afferent impulses which normally impinge upon them. 

4. Effect of complete and partial division of the cord on the cells in the grey matter. 

5. Condition of the cells in the anterior horns after hemisection of the cord and division of 

posterior roots. 

Method. ‘The animals experimented upon were in all cases Cats; after complete 
anzesthesia had been obtained, laminectomy was performed and the dura mater freely opened. The 
usual antiseptic precautions were olserved, and after exposing the dura warm normal saline solution 
was alone used. In all the experiments quoted the wound healed by primary union and the 
animals were in a healthy condition. 

The method of staining the nerve cells used was that described by HeLp. A saturated 
solution of perchloride of mercury was used for fixation, and afterwards the tissue was hardened 
in gradually ascending strength of alcohol. Unless otherwise stated, series of sections of lou 
thickness were cut, and in order to trace the nerve cells through their whole thickness every 


alternate five sections were examined. 


I. ADDITIONAL EXPERIMENTS SHOWING THE EFFECT ON THE CELLS 
OF THE ANTERIOR HORNS IN THE CERVICAL REGION OF 
SECTION OF THE POSTERIOR ROOTS 


In a former papert I gave the result of experiments which showed that cutting off the 
afferent impulses to the cord by means of section of the posterior nerve roots produced marked 
changes in the large cells of the anterior grey matter, and especially in certain segments and in the 


posterior lateral group of cells in these segments. 


* Reprinted from the ‘ Journal of Physiology,’ vol. xxiv, No. 6, August 21, 1899. 
+ Warrington, ‘ Journ. of Physiol.,’ xxiii, p. 112, 1898. 
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The experiments were chiefly carried out in the lumbo-sacral region. Of two observations 
made on the condition of the cells in the spinal cord after section of the afferent roots in the region 
of cervical enlargement, one gave a negative result, and the other showed a distinctly less amount 
of change than that noted in the seven cases where the similar operation had been performed in 
the lumbo-sacral region. 


I have made two further experiments in the cervical region. 


Exp. 1. Cat. Killed on the 14th day. 8th cervical, Ist and IInd dorsal posterior roots divided on one side. 
VIIIth segment. Series of g5 sections cut—ganglion cells of ventral horn nearly normal ; only six 
showed distinct alteration. 
Ist dorsal segment. Series of 140 sections cut—zo altered cells found, which were situated as 
follows :— 
Median group 8 
Anterior lateral group 6 
Central (near the spinal cord) 2 
Posterior horn 4 
IInd dorsal segment. No altered cells found. No altered cells on opposite side. 
Exp. 2. Cat. Killed on 14th day. Vth, VIth, VIIth, VILIth cervical and Ist dorsal posterior roots 
divided on one side, and the VIII th cervical on both sides. 
Vth, VIth, VIIth segments contained no altered cells. 


VIIIth segment. Series of 140 sections cut. 20 altered cells found, situated as follows :— 


Median group 8 | Most of these on the side on 
Posterior lateral group = 8 which the other roots were 
Anterior lateral group 4 j also cut. 


Ist Dorsal Segment. A few altered cells found near the central canal. 


These two observations confirm the results recorded in my previous communication, and 
show that while some alteration in the cells of the anterior horn does result from a lesion of the 
afferent roots, the change is considerably less than that occurring after a similar procedure in the 
lumbo-sacral region. It is to be noted that such change as occurs is limited to the VIIIth cervical 
and Ist dorsal segments. ‘The significance of this localization was previously discussed and is held 
to be connected with the fact that the anterior roots of these segments are distributed to the 
muscles of the hand, the movements of which as shown by SHERRINGTON and Morr are practically 
abolished after severance of the afferent roots. In the lumbo-sacral region the altered cells were 
found to be chiefly limited to the postero-lateral group, but this limitation does not occur in the 
cervical region, Assuming the correctness of the explanation already put rorward, it would appear 
that in the cat the upper limbs are more under cerebral control, and their movements less directed 
by peripheral sensory impulses, than is the case with the lower limbs, and hence the complete 
cessation of these impulses is less potent to produce anatomical changes in the anterior ganglion 
cells. 

The complexity and range of movement of the upper limbs in a cat is certainly much 
greater than that of the lower limbs and indicates a greater degree of dependence on cortical 


innervation. 
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HW. EFFECT ON THE CELLS OF THE CORD AFTER SECTION OF 
BOTH ANTERIOR AND POSTERIOR ROOTS 


A single experiment was made with this object; the Vth, VIth, and VIIth roots on the 
left side were divided. “The animal was killed on the roth day. 

All the larger cells on the side of the lesion showed changes. “The majority were only 
comparatively slightly affected to the extent seen after section of an anterior root alone ; others, 
however, showed a much more marked chromatolysis, the change resembling that found after 
section of the afferent roots. 

In the Vth segment the anterior group was thus specially picked out, and in the VIth and 
VIIth the postero-lateral (Figs. 1 and 2). 

This group is thus again brought into prominence on account of the ease with which its 
cells undergo chromatolysis, and the experiment affords further explanation of the results obtained 
in old standing amputations, where of course both afferent and efferent fibres are cut and yet the 


ultimate damage in the cord is nearly limited to this region of cells. 


so 
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Figs. t and 2. Diagrams illustrating the position of the altered cells found after section of both 
roots. Black circles indicate cells showing marked chromatolysis. Unshaded triangles indicate cells 
showing less change. Roots cut on left side only. Fig. 1 is from the Vth post-thoracic segment. Fig. 2 
is from the VIIth post-thoracic segment. 
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III. ON THE ULTIMATE FATE OF NERVE CELLS WHICH HAVE UNDER- 
GONE STRUCTURAL ALTERATION (a) AFTER SECTION OF THEIR 
AXONS, (6) AFTER CUTTING OFF OF THE AFFERENT IMPULSES 
IMPINGING UPON THEM 


(2) In one of his earlier papers Nisst* states that after section of the facial nerve the cells 
of the nucleus in the medulla gradually return to their normal appearance, ‘ probably because of 
the formation of new connections.’ Since the appearance of this communication Maringsco and 
Van GEHUCHTEN have published many papers on the question of the repair of the nerve cells. 
Both these observers have studied the change in the hypoglossal nucleus, and agree that if the cut 
ends of the sectioned nerve become united total repair is the rule, so that after the lapse of about 
100 days the two nuclei of the hypoglossal nerve are indistinguishable from each other. 
Marinesco,t however, regards the regeneration of the cut nerve as necessary ; thus he says :— 

‘La régénerescence des nerfs périphériques est donc la fonction de la reparation cellulaire, 
et celli-ci dépend de la premicre.’ 

Van GEHUCHTEN,| however, and in this he is supported by Niss,§ states that he does not 
know of any evidence to show that suture makes any difference at all in the rate of repair, though 
it may influence the nutrition of the cells in such a way that ultimately gradual atrophy takes 
place. He states that 14 months after enucleation of the eye in a rabbit he has found 
complete atrophy of the oculo-motor nucleus. 

Both || these writers describe in detail the series of changes which take place in a nerve 
cell on its way to resume the normal state, and though there are some minor differences in their 
description the general features observed are the same, viz., the cells gradually increase in volume 
up to about the 1ooth day, whilst the Nissl granules become denser and more pressed together, 
causing the cell to have the appearance described as the pycnomorphic state. Later they slowly 
diminish in size, and ultimately become indistinguishable from the normal. 

In my former communication (sc. cit.) | showed that after section of an anterior root of 
the cord the cells on that side in the ventral horn underwent obvious changes in from 10 to 
14 days. 

I have now observed the condition of the cord after a much longer period of time has 
elapsed. 


Exp. 1. Cat. VIth anterior post-thoracic root divided. Animal allowed to live 40 days. 

The distal piece of the nerve was found to have undergone complete Wallerian degeneration. 
Sections were cut 10, 6, 3, and 2, in thickness. ‘The cells showed distinct alteration, though not so 
marked as the condition which occurred at an earlier period. 

‘There was no increase in volume noticeable. The blue stain was more diffused, and the chromo- 
phylic granules had a powdery appearance. The nucleus was generally situated centrally, and its contour 
in some cells had a rosette shape ; it was occasionally, though rarely, peripheral. The cells did not exhibit 
the pycnomorphic appearance. 


#* Nissl, ‘Centralb, fiir Nervenheilk. und Psychiatrie,’ July, § Nissl. ‘ Miinch. med. Woch.,’ 1898, p. 6. 
1894. || Marinesco. ‘ Neurol. Centralb.,’ 1898, p. 882. 
+ Marinesco. ‘La Presse Médicale,’ Oct. 5th, 1898, p. 202. V. Gehuchten. ‘ L’anatomie fine de la 


t~ Van Gehuchten. ‘La Presse Medicale,’ Jan. 4th, 1899. cellule nerveuse,’ 1897. 
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Exp. 2. Similar to above. Animal lived 40 days. 
General appearance of cells very similar to that just described above, but the powdery blue 
appearance of the cells was more marked. 


Exe. 3. Similar to above, but animal allowed to live 100 days. 

In this observation the cells much more nearly approached the pycnomorphic condition, and were 
distinctly more densely stained with the blue dye. ‘The chromatic granules had not, however, their 
typical discrete characteristic shape, but were in a finer, more powdery condition. Occasionally a few cells 
were seen in which chromotolysis was present. ‘There was no diminution in number of cells in the side 
of the lesion. 

In none of these observations could it be ascertained that one group of cells was more affected than 
another. ‘The smaller cells generally appeared normal. 

Exp. 4. Human subject. Examination of the oculo-motor nucleus 18 months after enucleation of the 
eyeball. 

Microscopic examination. No difference could be noticed between the nuclei on the two sides. 

These observations indicate that there is a tendency for the altered cells to return to their 
normal structure independently of the regeneration of their axons, and hence confirms the opinion 
of Van GEHUCHTEN. Chromatolysis does not therefore in general imply the death of the cell, 
but is merely the expression of its disturbed metabolism. 

The resistance of the cell varies according to its function; thus it is asserted by Van 
GEHUCHTEN that the cells of posterior spinal ganglion do not recover after section of their 
peripheral axis cylinders. 

Again, whilst in each of six experiments I have been able to produce changes in the spinal 
cord after division of an anterior root, VAN GEHUCHTEN,* Sano,t and Marinescof: agree that such 
changes do not occur so readily after section of a spinal as after division of a cranial nerve. 

Yet, in certain cases the total withdrawal of the influences which normally act upon the 
cell may cause its death, as in the example quoted above by Van GEHUCHTEN in the case of the 
oculo-motor nucleus. In this connection it may also be mentioned that Marrnesco§ states that 
if the nerve is torn out, instead of being simply divided, atrophy and disappearance of the cells 
ultimately take place. The reason of this is not apparent, but his observations corroborate the 
experience of Foret, who long ago found very marked diminution in the corresponding nucleus 
after tearing the facial nerve out of the stylomastoid foramen, whilst after simple section there was 
only slight change. In my experience the ultimate fate of the cells depends not only on injury to 
the other parts of the neuron to which it belongs, but also on the extent to which the neurons in 
immediate functional relationship to it are injured. ‘Thus in the experiment recorded in Section 
II, where both anterior and posterior roots were cut, the marked change in certain of the cells 
indicates that they at least will not recover. This also appears to be the case as the results of the 
series of experiments now to be mentioned. 

(4) Exp. 1. Cat allowed to live 30 days. Section of Vth, VIth, V1Ith, VIII th posterior post-thoracic 
roots. 


The animal died from inanition ; the cord appeared to the naked eye to be in good condition, 
and there was no trace of meningitis, but microscopical examination showed that the cells were very much 


* Van Gehuchten. La ‘ Presse Médicale,’ Jan. 4, 1899. t Marinesco. ‘Revue Neurologique,’ July 30, 1898, p. 484. 
+Sano. ‘Journal de Neurologie,’ 1899, p. 88. § Marinesco. ‘Semaine Médicale,’ 1898, p. 108. 
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shrunken and vacuolated, so that it was not possible to make any minute histological observations. No 
distinct diminution in number of the cells was noted on the side of the lesion. 

The anterior roots belonging to the segments whose afferent roots had been cut were stained in 
4 °/, osmic acid and teased. On examination it was found that about 10 fibres of the VIIth anterior root 
showed marked Wallerian degeneration. 

In the VIIIth anterior root three degenerated fibres were counted. None were found in the Vth 
or VIth segment. 

Exp. 2. Cat. Lived 52 days. Vth, VIth, VIIth, VIIIth, and I Xth posterior post-thoracic roots cut. 

The animal showed the usual symptoms, viz., it hopped about on three legs and did not use the 
foot of the limb on that side on which the roots had been cut. The foot on this side was ventro-flexed 
and motionless. ‘The knee-jerk was absent. ‘ 

Vth segment. No altered cells found, and no degenerated fibres in the corresponding anterior root. 

VIth segment. Series of 88 sections cut, of these half were examined and practically no altered 
cells found. 

Total number of nucleoli counted on side of lesion = 103. 

Total number of nucleoli counted on opposite side = 138. No degenerated fibres could be found 
in the corresponding anterior root. 

VIItk segment. Series of 180 sections cut and half examined, 23 cells found which showed 
evidence of chromatolysis. ‘Their situation was as follows : posterior lateral group 16; anterior group 7. 

‘Total number of nucleoli counted on the side of lesion = 267. 

Total number of nucleoli counted on opposite side = 336. 

12 degenerated fibres were found in the corresponding anterior root. 

VIIIth segment. Series of 150 sections cut, half examined, 6 altered cells found. 

Total number of nucleoli counted on side of lesion = 245. 

Total number of nucleoli counted on opposite side = 254. 

No degenerated fibre found in corresponding anterior root. 

IXth segment. No altered cells and no degenerated fibres. 


The microscopic examination showed that the diminution in ‘number of nucleoli 
counted’ was due to a shrinkage and atrophy of the cells more than actual disappearance, and in 
some sections it could be seen that this shrinkage was confined to the group of cells occupying 
the most lateral position of the horn. 

_ Many of the cells which showed chromatolysis were profoundly affected, being little more 
than mere shells. 

Exe. 3. Cat. Lived 74 days. Vth, VIth, VIIth, and VIII th posterior post-thoracic roots cut. 

Vth and VIth segments. No distinct alteration. 

VIIth segment. Series of go sections cut, half examined, very few altered cells found. 

‘Total number of nucleoli counted on side of lesion = 134. 

Total number of nucleoli on opposite side = 145. 

VIlIIth segment. Series of 100 sections cut, half examined. 20 altered cells found, situated as 
follows : posterior lateral group 19 ; median group 1. 

Total number of nucleoli counted on side of lesion = 130. 

Total number of nucleoli counted on opposite side = 176. 

These observations show :— 

(1) That compared with the results obtained after similar procedure, but when the cord 
was examined at a much earlier date, the number of altered cells found is considerably less, 7.e., 
some have recovered. 


(2) That a considerable number of cells atrophy and shrink, and in some cases fibres 


presumably belonging to these cells undergo Wallerian degeneration. 
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(3) That the diminution in number is most marked in the VIIth segment. 

(4) That the posterior lateral group is the one in which the phenomena of chromatolysis 
remain longest. 

(5) That the main factor in the diminution in the number of cells on the side of the 
lesion is atrophy of the posterior lateral group of cells. 

The observations thus quoted afford further evidence of the necessity of continuity of 
the afferent impulses if the anatomical integrity of the motor cells of the cord is to be maintained. 

This doctrine of the trophic impulse which one neuron exerts on another was enunciated 
by Marinesco* in 1892, in his study of the changes which takes place in old amputations, and 
again in 1895 in his ‘’Théories des Neurones,’t and it has been accepted by VAN GEHUCHTEN,+ 
who says, ‘Les cellules nerveuses du névraxe exercent lune sur l’autre une action trophique 
dont la suspension complete entraine la chromatolysis et la disparition des cellules correspondantes.’ 

This theory receives support from the well-known fact that the cells of CLaRKe’s column 
are often found atrophied in cases of Tabes Dorsalis. Again, both Marrnesco and Van 
GEHUCHTEN agree that after section of the pneumogastric nerve the cells in the dorsal nucleus of 
the medulla show chromatolysis. 

The theory of the trophic influence on one another of related neurons may be regarded 
as the explanation of this fact, at least until the view of the motor nature of these cells put 
forward by Van GEHUCHTEN and Bruce is better established. 

I regard the preponderating degree in which the posterior lateral group of cells in the cord 
is affected as further evidence in support of this view. 

This is the group of cells which is known to be chiefly affected in the case of old 
amputations, and recent experiments of other writers can be instanced showing the same fact. 
Thus Van GenucuTen§ divided the great sciatic nerve, and on subsequent examination of the 
cord found the cells of the posterior lateral group alone affected. They were in the pycno- 
morphic state, which he regards as representing a simple manner of cell reaction. The same 
author and De Bucx|| quote a case in which 21 days after amputation at the knee-joint the cells 
of this group alone were found to be in a state of chromatolysis. Sano™ also gives corroborative 


statements. 


IV. THE EFFECT OF TRANSECTION OF THE CORD ON THE CELLS 
IN THE GREY MATTER BELOW THE LEVEL OF THE LESION 


A considerable number of clinical observations have been made showing that after lesions 
of the brain rapid atrophy, usually localized to particular groups of muscles, may take place. 
Cuarcor, whose explanation has also been adopted by GotpscHEIpER, regarded this atrophy as 


due to a lesion of the cells in the anterior horn consequent on the affection of the pyramid tracts, 


* Marinesco. ‘Neurol. Centralb,’ 1892. § Van Gehuchten. ‘ Bull. de l’Acad, Roy. de Médecine 

+ Marinesco. La ‘Presse Médicale.’ 1895, p. 545. de Belgique,’ 1898, p. 222. 

ft Van Gehuchten, ‘Bull. de l’Acad. Royale de Médecine || Van Gehuchten and De Buck. ‘ Annales et Bull. de 
de Belgique.’ 1897, p. 821. la Soc. de Méd. de Gand,’ 1897, p. 268. 


q Sano. ‘Journal de Neurologie,’ Nos. 13 and 14, 1827. 
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and applied the name of ‘Deuteropathic’ to this class of atrophies. He quotes a case of left 
hemiplegia depending on a hemorrhagic lesion in the right hemisphere. ‘IT'wo months after the 
onset of paralysis marked atrophy set in, and at the autopsy, atrophy, and even disappearance of 
the cells in the spinal cord, was noted. 

Since this time a large number of cases presenting similar symptoms have been examined, 
in some with negative results, but in others atrophy of the cells has been found to a marked 
degree. Such was the case in examples given by JorFRoy and AcHaRp,* Brissaup,t and 
Pirres.t The case quoted by the last-mentioned writer was one of hemiplegia with marked 
atrophy of the deltoid and hand muscles. Examination of the spinal cord showed that in the 
cervical enlargement the cells of the anterior internal group were alone preserved. 

A more recent case is given by SCHAFFER,§ who used the Nissl method of staining ; this 
was one of hemiplegia in which the patient died 48 days after the onset of faralysis. Chroma- 
tolysis was found in the cells of the posterior lateral group in both cervical and lumbar 
enlargements. 

I have made the following observations in this connection. 


Exp. 1. Cat. Complete transection of the cord at the level of Ist lumbar segment ; killed on the 13th day. 

Series of sections cut in several segments as low down as the VIIIth post-thoracic. The cord was 
found-to be in good condition and quite free from inflammatory complications. 

Sections were examined from below the site of the lesion to the lower part of the IInd lumbar 
segment. 

In the Cat Crarke’s Column is well marked in this position, and many of the cells showed undoubted 
chromatolysis. 

The cord at the region of the enlargement was quite normal, and no altered cells could be found. 

In the middle of the lumbar region, however, a considerable number of the cells were in a distinct 
state of chromatolysis, but the large majority were unaffected. The situation of the altered cells was 
chiefly in the posterior part of the grey matter as shown in Fig. 3. 


Fic. 3 


Fig. 3. Diagram indicating position of altered cells after complete transection of the cord. Degeneration of white 
matter shown on one side. Sketch taken from mid-lumbar region, Black circles indicate cells showing chromatolysis. 
Unshaded triangles normal cells. 


* Joffroy and Achard. ‘ Arch, de Médecine Expérimentale.’ } Pitres. ‘ Arch, de Phys.,’ 1876, p. 657. 
vii. p. 780. 1891. § Schaffer. ‘Monats, f. Psych. und Neurol.’ 1897. 
+ Brissaud, ‘ Revue Mensuelle,’ 1897, p. 616, 
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The condition of the individual cells did not differ materially from that described as resulting after 
other forms of physiological interference. ‘The blue chromatic granules were disintegrated, and the nucleus 
was often situated peripherally. 

Exp. 2. Cat. Killed in 12 days. Partial hemisection at the level of Ist lumbar segment. 

_ A naked eye dissection showed that the lesion extended through the posterior and lateral portion 
of the cord, the anterior and lateral part not being cut. 

Examination of sections extending some distance below the site of the lesion showed that the cord 
was in good condition and free from inflammation. ‘There was distinct chromatolysis in the cells of 
Crarke’s Column. Thus in go sections, half of which were examined, the following numerical result was 
obtained : 


Gide of ledon { Normal cells in Crarke’s Column 57 
( Altered 


: 9 ” 37 
; { Normal cells in Crarke’s Column 58 
Opposite side VAltered. 7 co 


Exp. 3. Cat. Killed in 13 days. Almost complete hemisection at the level of the Vth thoracic segment. 

The cord at the site of and just below the lesion was in. good condition with remarkably little 
inflammation ; nearly all the cells on the same side as the operation showed marked uous sis, those on 
the opposite side were normal. 

No altered cells were found in the upper lumbar region, but at the region of the VIIth and VII th 
segment altered cells were met with, though in very small numbers. Thus 230 sections cut, half examined. 
Number of altered cells on side of lesion, 14. The number was too small to locate them to any definite 
group. 

Exp. 4... Cat.. Killed on the 13th day. Nearly complete hemisection.of cord in mid-thoracic region. 

Condition at the site of and just below lesion. ‘This was. similar. to. that. in the preceding 
observation ; a large number of the cells on the side of the operation showed marked chromatolysis. 

Condition lower down in the cord. A very few altered cells were found. 

Exp. 5. Cat. Killed on the 18th day. Nearly complete hemisection in the lower thoracic region. 

Condition at the site of and just below lesion. Similar to that noted in the preceding cases. 

The condition of Crarke’s Column was somewhat remarkable, there being no chromatolysis noted 
but a very marked atrophy and even disappearance of the cells in this region. 

Thus about 300 sections cut, half examined. 

Number of cells counted on normal side = 565. | 
ee »» 95 side of lesion == 2385). 

Condition of the cord lower down. 200 sections cut, half examined. Very few altered cells 
found which were in the lower lumbar region. 

Note. In examining Crarke’s Column it is not easy to avoid counting the cells in many instances 
several times over, but the above results may be accepted as indicating the relative appearance on the 
two sides. 


SUMMARY OF RESULTS OF THESE EXPERIMENTS 

(1) Crarke’s Column of cells suffers markedly after transection of the spinal cord. 

(2) The cells of the anterior grey matter are only to a slight extent affected, individual 
cells appear to be pi-ked out in an arbitrary manner. In the case of complete transection they 
showed a peculiar limitation to the posterior region of the anterior horn. 

(3) At the sight of lesion, where all the oe eis g to and from the cells are cut, there is 
marked chromatolysis. 

These experiments were performed before the interesting communication of Protessor 
ScHAFER to the Physiological Society, and were intended to be preliminary to a more exact 
determination of the relation between fibres and cells of the spinal cord. In view, however, of 


Professor SCHAFER’s work I wish to put my. observations on record. 
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In his preliminary notes* ScHAFER gives the following conclusions. 

(1) The fibres of the pyramidal tract end in the grey matter at the base of the posterior 
horn and in CLarKe’s Column, but not in the anterior horn. 

(2) The fibres of the descending anterior lateral tract pass to the anterior horn and arborize 


around the anterior cornual cells. 


V. EFFECT ON THE CELLS IN THE ANTERIOR HORNS AFTER BOTH 
HEMISECTION AND DIVISION OF AFFERENT ROOTS ON THAT SIDE 


By such procedure the cells would be functionally isolated, and I have performed two 
experiments in order to see how far their anatomical integrity is preserved. 


Exp. 1. Cat. Killed on 13th day. Nearly complete hemisection in the mid-thoracic region and section of 


Vth, VIth, VIIth post-thoracic posterior roots. 

Vth segment. 86 sections cut, half examined. On the side of the lesion 6 cells showed chroma- 
tolysis, all situated in the posterior lateral group. No altered cells on the opposite side. 

VIth segment. 56 sections cut, half examined. On the side of the lesion no altered cells found. 
On the opposite side three cells showed chromatolysis. 

VIIth segment. 160 sections cut, half examined. On the side of the lesion 20 cells showed 
chromatolysis all situated in the posterior lateral group. No altered cells on the opposite side. 

Exp. 2. Cat. Killed on the 15th day. Nearly complete hemisection in mid-thoracic region and VIth, VIIth, 
VIIIth, I Xth posterior post-thoracic roots divided. 


Fic. 4 


Fig. 4. Diagram indicating position of altered cells after complete hemisection in mid-thoracic region and section 
of the posterior roots in the lumbo-sacral region. Sketch taken from VIIth post-thoracic segment. Black circles indicate cells 
showing chromatolysis. Unshaded triangles normal cells. 


Side of Lesion. 


No. of sections 


Segment ost lat; Ant. Jats Central examined 
VI. No altered cells found. 55 
VII. xg) 20 44. 
VII. 25 18 22 66 
IX. No altered cells found. 


(See Fig. 4.) 


* Schafer, ‘ Journal,’ ‘ Proc. Physiol. Soc.,’ March 18th and May 13th, 1899. 
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Load 


Side opposite Lesion. 


Segment Post lat. Ant. lat. Central 
VI. 2 3 
VII. 2 2 5 
VIII. 13 8 


IX. No altered cells found. 


SUMMARY OF SECTION V 

In Experiment 1 the results obtained are about the same as those previously recorded by 
me after section of the afferent roots alone ; that is destruction of the cortical afferent fibres does 
not appear to have influenced the cells to an appreciable degree, but in Experiment 2 the effect of 
the double lesion is pronounced. In that case more roots were cut and included those, viz. VIIth 
and VIIIth, whose integrity appears to be especially necessary for the maintenance of the 
functional activity of the cells of the anterior horns. ‘The condition observed in this experiment 
differs also in another particular from that which is found after section of afferent roots alone, 
namely, the marked extent to which the side opposite to the lesion is affected. 

I am not able to offer any satisfactory explanation of this fact. In the experiments quoted 
in my former paper (dz. ct.) it was found that after section of the posterior roots the VIth segment 
on the side of the lesion was found to be free from any altered cells, whereas the opposite side 
contained a few. ‘The absence of changes in this segment is significant, for its motor fibres supply 
the extensor muscles and extension is very rarely produced as a primary reflex movement. On 
the other hand the observations made on the course of degenerated fibres give no support to the 
view that the fibres of the posterior roots cross in the spinal cord. ‘The peculiar distribution 
cannot, I think, be regarded as accidental or due to vascular disturbance resulting from the 


operation, but must in some way be connected with the physiological interference. 


THE MORBID ANATOMY OF A CASE OF 
LEAD PARALYSIS 


CONDITION OF THE NERVES, MUSCLES, MUSCLE SPINDLES, AND 
SPINAL CORD 


By E. E. LASLETT, M.B., B.Sc., House Prysician Tro THE Royat Inrirmary LiveRPoOoL 
AND 


W. B. WARRINGTON, M.D., M.R.C.P., Demonsrraror in PatHotocy, Universiry CoLLEecE 


LiverPoot, anp Assistant Puysictan To THE HospiraL For Cuest DrseasEs 


We are indebted to Dr. Caron for permission to record the following case which presents 


some features of interest especially in the condition of the spinal cord. 


CriinicaL Hisrory 

F. K., aged 28, house painter. Admitted to the Liverpool Royal Infirmary, January 14th, 
1898. He had been engaged in his occupation since his twelfth year, and two years ago suffered 
from colic. Eighteen months ago he noticed weakness and wasting of the hands, which attracted 
his attention before the wrist drop, the prominent feature on admission. 

Condition on Admission Patient a rather emaciated man with an anemic, sallow 
complexion, and puffy eyelids. ‘The body was covered with numerous small purpuric spots. 
There was a characteristic blue line on the margin of the gums. The heart showed evidence of 


dilatation and hypertrophy. Urine sp. gr. 1012, with some albumen and granular casts. 


Nervous SysTEM 

- Upper Extremities—These showed marked general muscular wasting, and dropping of the 
wrists was present on both sides to an equal extent. 

The interossei and intrinsic muscles of the thumb were distinctly atrophied. 

Wasting, accompanied with complete loss of power, existed in the extensors of the wrist 
and fingers and thumb. 

There was no marked wasting in the flexor muscles of the wrist and fingers. 

In the upper arm the triceps and supinator longus were markedly wasted, the biceps 
somewhat but to a much less extent. 

The deltoid and pectoral muscles were also greatly wasted, while the trapezii and spinati 
muscles were practically normal. 

Lower Extremitie.—The vasti interni and peronei muscles were wasted, but no other 
muscles were especially affected, although much general weakness was present. 


Electrical Irritability—The extensor muscles of the wrist and fingers did not respond to 
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either the faradic or constant current. ‘The small muscles of the thumb, however, gave the 
typical reaction of degeneration with the galvanic current. 

Sensation.—Slight impairment noticed in the skin over the hands. 

Reflexes.—The knee jerks were obtained with great difficulty. 

Examination of the rest of the nervous system showed no abnormality. About one month 


after admission pulmonary complications set in, to which the patient succumbed in a few days. 


Auropsy (48 hours after death). 

The lungs were found to be extremely congested and cedematous, and the heart markedly 
hypertrophied and dilated. ‘The kidneys were typically granular and contracted. ‘The brain was 
pale and cedematous. The spinal cord and certain muscles and nerves were reserved for 
microscopical examination. 

PERIPHERAL NERVES AND SPINAL Roors 

(1) Posterior Introsseous Nerve (Fig. 1)—This was treated with half per cent. osmic 
acid, and a piece completely teased. Five of the nerve fibres were in this way seen to show 
breaking up of the myelin. ‘The remainder of the fibres which took the osmic stain appeared 
normal. 

Another piece was embedded in paraffin and cut transversely. “The sections showed 
marked atrophy of the nerve fibres, quite half having disappeared ; on the other hand, those fibres 
which took up the stain presented the normal black ring, and did not show any indications of an 
acute change, with the exception of a few which appeared swollen. 

(2) Ulnar Nerve.—Treated in a similar way. No fibres were seen in process of 
degeneration, but in cross section considerable atrophy was found, but less marked than in the 
case of the posterior interosseous nerve. 

(3) Spinal Roots (Fig. 2)—The roots of the VIth, VIIth, and VIIIth segments were 
examined by the methods of Marcui and SCHAFER. 

The posterior roots appeared quite normal. 

The anterior roots of these segments in each case showed distinct atrophy of nerve fibres. 
This was marked in the VIIth root, but in none was the atrophy equal in extent to that found in 
the posterior interosseous and ulnar nerves. 

Muscles.—Pieces of the extensor muscles of the hand, and of the interossei were hardened 
in Mutter’s fluid, part stained with borax carmine, and part by SCHAFER’s method. The change 
in the extensor muscles was extreme. Certainly over 90 per cent. of the fibres were atrophied, the 
majority were not more than 15, in diameter. ‘They retained, however, their cross striation, 
and with the exception of a few fibres no evidence was found of an acute fatty change. The 
connective tissue was much increased. ‘The interossei were very much less altered. 

Muscle Spindles—In two previously recorded cases of peripheral neuritis these have been 
examined. In Barren’s* case both the intrafusal muscle and its nerve were normal, in 


Guppen’st case they both showed pathological change. 


* Batten. ‘ Brain,’ Parts 57 and 58, p. 171, 1897. + Gudden, ‘Arch. f. Psychiatrie,’ Bd, 28, p. 697, 1896. 
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In our case they were quite unaltered, presenting the normal features pointed out by 
SHERRINGTON. Owing to the atrophy of the surrounding muscles the spindle fibres were now 
considerably the largest seen. The intrafusal fibres retained their striation, and at the equatorial 


zone of the spindle showed the usual numerous central nuclei. 


Fic. 1 


ike, 


In every case the nerves in the spindles were normal (Fig. 3). 

Spinal Cord.—Pieces of the spinal segments from the IVth cervical to first dorsal were 
examined by the Marchi and Weigert methods of staining and were found to be throughout 
normal. The IVth to VIIth segment inclusive were also stained by the methylene blue and 
erythrosin method of Held* for the purpose of studying the condition of the nerve cells. In the 
IVth and Vth segments nearly all the cells showed the usual normal structure, with a central 
nucleus and a definite distribution of the chromatic masses, giving to the cells generally the 


well-known striated appearance. A few, however, showed changes similar to those found in the 


* Warrington, ‘ Journal of Physiology,’ xxiii, 1898. 
Za.) 
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Vith and VIIth segments where many cells showed an obvious deviation from the normal 
condition ; in these cells the nucleus was often found placed very eccentrically, and also, on which 
fact we lay more stress, the Nissl bodies were dispersed over the body of the cell in the form of 
fine powder, and often in the central mass of a cell an actual disappearance of the blue colouring 
matter was noticed, the result of a process of chromatolysis. The proportion of altered to normal 
cells was about one in four; they were found equally on both sides and had no special distribution 


among the various cell groups (Figs. 4 and 5). 


Fic. 4 


An altered anterior cornual cell showing chromatolysis in the centre and eccentric nucleus. ‘The base 
of the cell is pigmented ( x 1000). 


Fic. § 


Another cell showing a similar condition. 


Remarks on the above Observations—Although lead may primarily affect the central 
nervous system there is sufficient evidence in this case to show that the change began in the 
peripheral nerves. Firstly, the clinical picture is that of a multiple neuritis, whereas when the 
disease is primarily central the type is more that of a progressive muscular atrophy. 

Secondly, the excess of change in the peripheral nerves over that observed in the anterior 
roots points in the same direction. The neuritis is probably of a parenchymatous nature, as 


indicated by the condition of the few fibres seen degenerating and by its marked limitation to the 
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efferent nerves, the fibres in the muscle spindle which are derived from the posterior roots being 
throughout normal. As regards the condition of the spinal cord, the introduction of a more 
delicate method of staining has made it possible to detect more minute structural changes than the 
older methods were capable of demonstrating. It has now been amply shown that many poisons, 
and among metals notably those of arsenic, antimony, and lead, when administered to animals, 
produce fairly constantly changes in the nerve cells. Nisst* and ScHarert have studied the 
changes produced by the administration of lead and practically agree in their description of the 
altered cells when stained by the methylene blue method. 

The process consists essentially in a disintegration and dispersion of the chromatic bodies 
and shrinking of the nucleus; in more advanced conditions a chromatolysis sets in so that 
ultimately a mere palely-stained shell-like mass represents the cell. 

Such changes probably are due to the direct action of the lead on the central nervous system, 
but with the existence of multiple neuritis a second factor has to be considered in explaining any 
alteration of the cells of the spinal cord. After the work of Nissz and others it may be accepted 
that loss of continuity of the axon is followed at an early period by changes in the corresponding 
cell. Such changes have been shown by one of usf to be especially pronounced after division of 
an anterior root. 

Hence in the above case, where the anterior roots of VIth and VIIth segments show some 
markedly atrophied fibres, it has to be considered whether the changes in the spinal cord are the 
result of the direct action of the poison, or if, on the other hand, they are secondary to a lesion of 
the axis cylinder producing the ‘réaction a distance” of Martinesco.§ This observer indeed 
maintains that the histological features presented by the nerve cell are in general characteristic of 
a ‘primary’ or ‘secondary’ lesion.|| A study of the changes in structure occurring in nerve 
cells in various pathological conditions does not lead us to believe that the histological features 
alone offer distinctive evidence of their origin. Nevertheless, the condition of the nerve cells in 
which, together with chromatolysis, the nucleus is eccentric, is rarely found except as a consequence 
of an interference with the afferent or efferent impulses. 

This, combined with the fact that in our case the altered cells are almost absent from the 
IVth and Vth segments but found in the VIth and VIIth segments, the anterior root fibres of 
which show some atrophy and from which the much atrophied posterior interosseous nerve is 
derived, points distinctly to the inference that the changes described in the spinal cord are the result 
not of the direct action of the lead, but as a consequence of the altered state of functional activity 
following atrophy of the axons of these cells. In cases of polyneuritis from other causes 
Marinesco™ and Batter** have recorded similar changes in the nerve cells of the spinal cord 
which they regard as being due to this cause. “These facts, combined with the experimental 


evidence, indicate that a more extended view must be taken of the pathology of multiple neuritis. 


* Nissl, ‘ All. Zeitschr. f. Psych., Bd. 48, p. 675. || ‘Comptes Rendus de la Société de Biologie,’ January 25, 1896. 
+ Schafer, ‘ Neurol. Central.,’ pp. 148 and goo, 1894. q Ibid. 
ft Warrington, Joc. cit. ** Le ‘ Progrés Medical,’ June 27, 1896. 


§ Marinesco, ‘ Revue Neurologique,’ March 15, 1896. 
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The lesion, though primarily peripheral, may be followed by secondary changes in those cells of 
the spinal cord or of the posterior ganglion (vide LaGaro*) whose axons have suffered a destruction 
of continuity. 

Note on post-mortem changes.—Our experience with the Nissl stain enables us to believe 
that when moderate precautions have been taken, the material from the autopsy room gives fairly 
reliable results. “Ihe manner in which the smaller cells stain is often uncertain, even in perfectly 
fresh tissues; but the larger cells of the spinal cord and cranial nuclei seem, with the exception 
of shrinkage, to retain their normal characteristic staining features for a considerable time after 
death. 

In control examinations or the spinal cord made for the purpose of this paper, no cells 
comparable to those above described and figured were found. 

Barsacci and Campaccit have investigated in a rabbit the condition of the spinal cord 
cells at varying periods after death, and their descriptions indicate a quite different appearance to 


anything found by us. 


DESCRIPTION OF Fics. 1, 2, anp 3. 


Fic. 1.—Posterior interosseous nerve (Osmic stain) x 450. 

Fic. 2.—An anterior root (Weigert-Pal stain) x 450. 

Fic. 3.—Normal muscle spindle surrounded by degenerated muscle (Weigert-Pal and Eosin stain) 
x 1000. 


* ¢Rivista di Patologia nervosx e mentale,’ 1897. + Barbacci and Campacci, ‘ Referat Neurol. Centralb.,’ p. 1042, 1896. 


OBSERVATIONS ON THE ASCENDING TRACTS IN 
THE SPINAL CORD OF THE HUMAN SUBJECT 


By E. E. LASLETT, M.B., B.Sc., Demonstrator in PuysioLocy 
AND 
W. B. WARRINGTON, M.D., M.R.C.P., Demonstrator in ParHotocy 1n Universiry CoLirce 
Liverpoot, ParuoLtocisr Tro THE STanLEY HospiraL, anp Assistant Puysician 


ro THE HospiraL ror Consumprion anp Cuesr Diseases, LivERPOOL 


This note deals with the following ascending tracts in the human spinal cord. 

(1) Postero-median column. 

(2) Dorsal ascending cerebellar tract. 

(3) Ventral ascending cerebellar tract, including the nature of the fibres in the ventral lip. 

(4) The intra-spinal portion of the [Vth posterior cervical root. 

The observations were made in two cases which were examined sufficiently early to allow 
the Marchi method of staining to be used. Such cases are comparatively rare, and more 
observations are necessary before the course of these tracts can be said to be thoroughly known. 
We are indebted to Sir Witt1am Banks and Mr. Rusuron PaRrkKER for permission to record 
this note. 

In the autumn number of ‘ Brain,’ 1898, Bruck gave a careful and full account of similar 
observations, in which also the Marchi method was available. With much of the description of 
this author we are in agreement, but some interesting points not shown in his figures will be 
described in this paper. A contribution on the same subject has recently been published by 
Risten RussELi.* 

The first case was one of caries of the spine, in which microscopical examination showed 
that at the level of the lesion in the mid-thoracic region, the cord was completely disintegrated. 

The other case was a severe crush, the cord being entirely destroyed at the level of the 
Xth dorsal segment, with extensive consequent myelitis. “There was also severe damage to the 
IVth posterior cervical root on the left side. 

The tissues, after hardening in MULLER’s fluid, were stained by the Marchi method and 
sections cut after paraffin embedding. 

(I) Postero-median column.—The postero-median column was completely degenerated as 
high as the funiculus gracilis. It ended entirely in this nucleus. In the lowest cervical region 
the degeneration extended markedly up to the posterior commissure and spread along it as far as 


the margin of the posterior horn, thus embracing the cornu-commissural zone of Martz (Fig. 1). 


*¢ Brain,’ Summer, 1898. 
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Fic. 1 


Anterior Fibres of V. C. Tr. 


Spinal cord at the fifth cervical segment. 


At the level of the [Vth cervical root this appearance was much less marked (Fig. 2), and 
just below the decussation (Fig. 3) the area had assumed a distinct wedge shape, this feature 


being in accordance with SINGER’s law. 


(II) Dorsal cerebellar tract—The course of this tract in the spinal cord is well seen in 


liVithy Gact: 


Spinal cord at the [Vth cervical segment. 


Figs. 1, 2, 3. In this situation it has the position usually described. Sections in the lower cervical 


regions show that it is closely applied to the posterior horn, spreading inwards along its outer border 


Fic. 3 


V.C. Tr. and D.C. Tr. 


Ascending portion of [Vth C. rt. 


Spinal cord at the lower limit of the pyramidal decussation. 


for a considerable distance. In the lower medullary region (Figs. 4 and 5) it forms, together with 
the ventral cerebellar tract, a well-defined wedge-shaped area just anterior to the substantia 


gelatinosa of the Vth nerve. 


ASCENDING. TRACTS IN THE SPINAL CORD 221 


In our sections a distinct peripheral band of degenerated fibres is seen to connect this area 


with the degenerated fibres of the funiculus gracilis. We have not seen such a condition 


Fic. 4 


~1Vth C. rt. 


Ds Ce reand) V. Car: 


Anterior Fibres of V. C. Tr. 
Medulla below the olivary body. 


described elsewhere, and are in doubt whether to consider all these degenerated fibres as part of 


the dorsal cerebellar tract. 


Fic. 5 


Medulla at the lower limit of the inferior olivary body. 


In Fig. 6 the tract occupies the central part of the corpus restiforme in a position described 
by other authors, and in Fig. 7 it is seen passing into the cerebellum. We regret that we have 


been unable to trace its further destination. 


Medulla at the middle of the olives. 


(IIT) 9 Ventrai cerebellar tract.—The position of this tract in the spinal cord is shown in 
Figs. 1, 2, 3. The main portion of the fibres forms a wedge-shaped area opposite to the lateral 
part of the anterior horn, extending close up to the periphery. This peripheral situation differs 


from that given by RistEN RussELL,* but is in agreement with the description of other authors, 


* © Journal of Physiology,’ vol, xiv, 4 and 5. 
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A marked feature in our sections is the presence of a considerable number of degenerated fibres 
occupying the periphery of the most anterior part of the white matter, and dipping down along 
the anterior fissure. 

Degenerated fibres in a similar position have been noted by SHERRINGTON* in the 
Monkey after complete transection of the cord. 

This condition in the human cord does not appear to have been noted by other writers. 
‘Tracing these fibres upwards it is seen that the formation of the pyramids pushes them backwards. 
At this level (Fig. 4) the greater part of the fibres pass inwards, and become dispersed in the white 
matter between the posterior border of the pyramid and the lateral nucleus of the medulla. Our 
sections do not give positive evidence whether these fibres terminate in the lateral nucleus or not, 


but such a condition appears probable. 


Fic. 7 


IDE «Gy “Aik 


V. C. Tr. ie = 
BS, 


Pons at the exit of the Vth nerve. 


In Fig. 6 the main part of the ventral cerebellar tract is seen just external to the inferior 
olive. In Fig. 7 it is placed more deeply, just ventral to the outgoing Vth nerve. In Fig. 8 it 
is seen curving round the superior peduncle of the cerebellum, and entering the superior 
medullary velum in an identical position to that described by Brucz. A few degenerated fibres 
were found at a slightly higher level, but the material at our disposal, unfortunately, did not allow 
of our determining whether these passed to the inferior corpora quadrigemina. 


Fic. 8 


Pons at its upper limit. 


(IV) Spinal portion of the IVth posterior cervical root——In one of the preceding cases this 
root was considerably damaged, and by means of the Marchi method its course could be 


accurately traced. 


* Loc. cit. 


— 
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(a) Descending portion—This is found to occupy an elongated zone in the middle of the 
postero-external column. It is well marked in the middle of the Vth segment, and scattered 
fibres can be traced as far as the lower part of the VIth segment. “Throughout their descending 
course these fibres give off collaterals to the posterior horn. 

(6) Ascending portion —Fig. 2, which is at the level of the injured root, shows the entrance 
of degenerated fibres into the postero-external column, and the rich distribution of the reflex 
collaterals of KOrtiKER, which appear to be chiefly directed towards the postero-lateral group of 
cells. Other evidence tends to show that this group of cells receives special innervation from the 
posterior afferent root fibres. The collaterals are confined to the same side as the root lesion, and 
although more numerous in the [Vth segment are found in the segment above, and also, as 
previously stated, in the Vth segment. 

Fig. 2 further shows a marked degeneration in the anterior commissure. “The fibres can 
be traced from the anterior horn on the side of the lesion to the white matter between the fissure 
and anterior horn of the opposite side. 

This decussating system of degenerated fibres was limited to the region of the injured root. 
In sections higher up it was not possible to distinguish between these fibres and those previously 
noted, which are in relation to the ventral cerebellar tract. Under the name of ‘crossed afferent 
tract,’ EpincEr describes in this position a system of fibres, whose origin is from the posterior 
roots, ascending to terminate in the corpora quadrigemina or optic thalamus. Observers (Morr 
and LanGLey) who have noted this tract in experimental cases are divided in their opinion as to 
whether the fibres take origin in the posterior roots or in the most dorsal segment of the posterior 
cornu. 

In our case there was no indication that the posterior cornu was injured, and hence this 
observation tends to confirm EpINGER’s view. 

Sections (Fig. 2) at the site of the injured nerve also showed distinct degeneration in some 
fibres passing from the anterior horn, which were limited to the side of the lesion. "These fibres 
were too numerous to be neglected, but it did not appear that they were continuous with those 
entering the posterior horn. We are therefore unable to give a definite opinion as to their 
precise meaning. 

The ascending portion of the IVth root in the IIIrd and higher segments occupies (Fig. 3) 
an elongated area in the median part of the postero-external column, extending ventrally as a 
narrow strip to the base of the posterior horn, while dorsally the area widens and curves outwards 
towards the posterior root zone. In Figs. 4 and 5 the fibres are seen collected around the external 


cuneate nucleus in which they end. 


NOTE ON MUSCLE-SPINDLES IN PSEUDO- 
HYPERTROPHIC PARALYSIS* 


By ALBERT S. GRUNBAUM, M.A., M.D., M.R.C.P. 


In 1894¢ SHERRINGTON gave the first account of the structure and function of muscle- 
spindles based upon physiological experiment. A stimulus was thus given to their more thorough 
examination in pathological conditions. 

Recently Barren has given the results obtained by him in the examination of cases of 
several nervous diseases, finding, however, except perhaps in tabes, no appreciable changes in the 
muscle-spindles, So far as I am aware, no account has yet been published of their condition in 
pseudo-hypertrophic paralysis, and in this disease I have been able to find some changes. 


- The material was obtained six hours after death, on a cold winter’s day, and carefully preserved, 
but unfortunately, for the most part, not histologically examined until over two years later. 


Fic, 1 


Muscle-spindle in unaffected portion, 


In the vascular system there was considerable thickening of the smaller arteries, due, in part, 
apparently, to hypertrophy of the muscular layer. 

In the central nervous system there was marked dilation of the perivascular lymphatics, and also of 
the blood-vessels. The latter often contained a large number of leucocytes. In the spinal cord were 
several small hemorrhages. 

In the peripheral nervous system there was degeneration of some fibres of the smaller nerves. 


* From ‘ Brain,’ pt. lxxix, 1897. 
+ In the last number of ‘ Brain,’ both in his historical réswmé and in the bibliography, Batten erroneously gives the date of 
Sherrington’s first paper as 1895, It should be 1894. 
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In the muscular system as a whole the changes were of the ordinary character. In the 
gastro-cnemius very few muscle-fibres remained ; the rest were entirely replaced by fat. In other 
muscles many fibres were atrophied, but some were distinctly hypertrophied. Most of them 
showed signs of alteration in the surrounding connective tissue, varying from a proliferation of 
nuclei of the sarcolemma to a deposit of fibrous tissue around the fibre. Several fibres had a 
distinctly hyaline appearance, and a few showed vacuolation. 

The muscle-spindles were for the most part unaffected, but in a few there was a 
diminution in size of an intrafusal fibre, with a deposit of hyaline material around. The nerve- 
fibres supplying them were apparently healthy. In some muscles, ¢.g., gastro-cnemius, I could not 
find any spindles in the sections examined. 

SHERRINGTON has shown that division of the nerve supplying a muscle will not produce 


atrophy or degeneration of the muscle-fibres within the spindle. “The muscle itself may. be totally 


Fic, 2 


The same with affected fibre, 


atrophied, and every nerve-fibre going to it have disappeared, yet the muscle-fibres within the 
spindle remain intact ; the muscle-spindles are all that are left of the original muscle. 

It would therefore appear highly probable that any pathological alteration in such fibres 
is primary, and, consequently, also primary in the other ordinary fibres, although commencing much 
earlier in them. So that, so far as it goes, my observation supports the now generally accepted 
theory of the intra-muscular origin of the disease. 

This theory is also supported by the facts that generally no nervous changes have been 
detected in the cases examined, and the connective tissue changes do not appear to cause atrophy 


by compression, for where there is much connective tissue there is a total increase in the size of 
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the muscle. It must be remembered, however, that the nervous and vascular changes, considered 
to be the primary cause by Erp and Bases respectively, were also present in my case. 
I am indebted to Dr. T. D. Actanp, under whose care the case was in the hospital, for 


permission to publish it, 


Fic. 4 


Artery with thickened muscular and external layers, 
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ADDENDUM 
After returning the proof of this article, a paper by SpirteR* has come into my hands, 
from which it appears that he has already examined a case of muscular dystrophy (apparently not 
pseudo-hypertrophic paralysis). SprrLeR did not succeed in finding any change in the muscle- 
spindles. 
REFERENCES 

Barren. Brain, Spring and Summer, 1897, p. 138. 

SHERRINGTON. Journ. of Physiology, vol. xvii, 1894, p. 237. 

Eras. Sammi. Klin. Vortrige. Inn. Medic. No. 1, p. 1. 


* Spiller, ‘The Neuro-muscular Bundles, &c.,’ ‘Journ. of Nervous and Mental Dis.,’ Oct., 1897. 
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BLOOD AND THE IDENTIFICATION OF 
BACTERIAL SPECIES* 
By ALBERT S. GRUNBAUM, M.A., M.D., M.R.C.P. 


INDRODUCTORY | NOTE 


There seems to be some danger of GRUNBauM’s name disappearing from the literature and 


from the text-books in describing serum diagnosis, in spite of the custom that when a discovery is 


made simultaneously and independently by two observers, both names are associated with it ; so 


that we have asked him to reprint his paper in ‘Science Progress’ on this subject. 


We are in a position to know that GrunBauM made his first observation three months 


before Wrpav’s first publication, and the latter has refused, when asked to do so, to say when he 


made his first serum diagnosis. In any case, in his first papers GRUNBAUM described certain facts : 


e.g. (I) The action of human serum on bacilli other than the B. Typhosus. 


serum from other than typhoid patients. 


from day to day. 


(II) Action of 


(III) Variability of strength of serum in typhoid patients 


(IV) Necessity for accurate dilution and a time-limit; these have formed 


the subject of more detailed observation by Wupat and others without any reference or 


acknowledgement. 


Die Unterzeichneten bestitigen gerne, dass 
Herr Dr. A. S. Grtngaum zu Anfang des Jabres, 
1896, an dem Krankenmaterial der I medicinischen 
Klinik in Wien systematische Versuche iiber die 
Agglutination von Typhus und Cholera-bacterien 
durch das Blutserum von Kranken und Gesunden 
angestellt hat, und dass er im Marz, 1896, also 
lange vor der diesbeziiglichen Publication des 
Herrn Wipat, an zwei Typhustdllen der Klinik 
die Beobachtung gemacht hat, dass ihr Blutserum 
in bedeutender Verdiinnung ‘Typhusbacillen agglu- 
tinire. 

Herr Grtwpaum war sich der diagnostis- 
chen Verwerthbarkeit dieses Befundes vollkommen 
bewusst, und er zégerte mit der Publication 
derselben nur mit Riicksicht auf die Nothwendig- 
keit die Verlasslichkeit der Reaction an einer 
grésseren Anzah] von Typhusfallen zu erharten. 

Herr Dr. A. S. Grunsaum hat demnach 
die Agglutination - reaction des ‘Typhus - Serum 
selbst-standig entdeckt und es ist Sache der Gerech- 
tigkeit dies anzuerkennen. 

Prof. Dr. Norunacet. 
Docent Dr. Mannaserc. 
Wien, am 8. Marz, 1900. 


R. Boyce. 


C. S. SHERRINGTON. 


(‘TransvaTion | 

The undersigned confirm with pleasure 
that Dr. A. S. Grinpaum made systematic experi- 
ments in the beginning of the year 1896, from the 
material in No. I. Clinical Ward, in Vienna, on 
the agglutination of Typhoid and Cholera Bacilli 
by the Serum of both Sick and Healthy people, 
and in March, 1896, that is, long before M. 
Wipat’s publication on this subject, he had 
observed in two cases of Enteric Fever in the ward 
that their Serum in considerable dilution agglu- 
tinated Typhoid Bacilli. 

Dr. Grtnspaum was well aware of the 
diagnostic utility of this observation, and he 
delayed publishing it only because of the necessity 
of confirming the reliability of the reaction on a 
larger number of cases. 

Dr. Gruneaum, therefore, discovered the 
agglutination reaction of Typhoid Serum indepen- 
dently, and to acknowledge this is a matter of 
justice. 

Prof. Dr. Norunacet. 
Docent Dr. Manwnaserc. 


Vienna, 8th March, 1go00. 


* From ‘Science Progress,’ vol. i, No. 5, 1897. 
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The identification of any particular bacillus may be either a very easy or a very difficult 
matter. The detection of tubercle bacilli in sputum can be pretty safely entrusted to any 
conscientious medical student who has done his course of practical pathology : the determination 
of typhoid bacilli in the excreta of a patient may require all the resources of an experienced 
bacteriologist. During the last two years, however, the development and. proper understanding 
of previous isolated or misinterpreted observations has given us a new and generally trustworthy 
method of recognizing many species of micro-organisms. And more than this, by a simple 
reversal of the procedure it has been possible to supply a new means and aid to clinical diagnosis--- 
another addition to practical medicine derived from experimental science. . 

So far back as 1889, CHaRRIN and RoceErR (3) demonstrated that the growth of B. 
pyocyaneus (and of other bacteria) differed when made in the serum of animals immunized 
against B. pyocyaneus and when made in the serum of normal animals. The differences 
consisted in (i) serum remaining more, transparent, (ii) formation of granular agglomerations, 
and (iii) microscopically, the formation of chains of altered bacteria, in the former mode of 
cultivation. 

In 1891, MerscHnikorF, whilst investigating Vibrio Metschnikovi, saw the same pheno- 
mena, and noted them as facts requiring further investigation (10). But he made no progress in 
this direction, being discouraged by failure to obtain the reactions with the bacillus of hog 
cholera. 

In 1893, IssaEFF made similar observations with PNrumococcl, and later in conjunction 
with IvanoFF, with Vibrio Ivanovi. They attributed the effects obtained to the bactericidal and 
erowth-hindering substances in the serum (8). 

In 1895, WasHBourN saw similar appearances, and remarked that the mode of growth 
in the serum seemed to give a good indication of its protective power (13). 

All these observers appear to have worked with undiluted serum only, and that too acting 
for a considerable time. Although they examined the deposit with the microscope, they do not 
appear to have investigated, microscopically or otherwise, either the immediate effect of the 
serum on the bacilli, or the effect of diluting the serum. 

In 1894, R. PFEIFFER published what is now known as PFEIFFER’s reaction (11), but it was 
Borpet, who, in 1895, trying to simplify PFEIFFER’s reaction, first described any observations in 
which the above-mentioned neglected aspects of the question were considered. He saw the 
agglomeration and loss of movement, but failed to attribute any specific importance to the 
reaction (2a). 

It was therefore left to DurRHamM and GruseEr, who had already been more than six 
months at work on the subject when Borpet’s investigations were published, to show how 
valuable and characteristic this reaction could be made, and to establish its general applicability 
(4a, 6a). 

In March, 1896, I applied the reaction to the diagnosis or enteric fever in man, but 
scarcity of material and other delays prevented any paper on the subject appearing before 


September (7a). Meanwhile, Wipat, profiting by a hint thrown out by GRuBeR at the 
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Wiesbaden Congress (6c) in April, and having more cases at his disposal, was able to publish a 
communication on serum diagnosis early in July* (142). 

PFEIFFER’S reaction is observed by injecting a mixture of cholera vibrios, together with a 
small quantity of serum, from an animal immunized against cholera into the peritoneal cavity of 
anormal animal. By withdrawing drops of fluid from the abdomen at different intervals it can 
be seen that the micro-organisms first lose their motility, then become transformed into spherules, 
and finally disappear. ‘The rapidity and completeness of the reaction depends on various factors 
(e.g., potency of serum, extent of dilution, etc.). It is not so easily performed with typhoid bacilli. 

PFEIFFER thought vital action essential, but Borprr found that the same phenomena could 
be observed outside the body if the temperature were kept at 37°C. He generally performed 
the reaction with a mixture of bacilli, ‘immune,’t and normal serum ; but he recognized that it 
could occur well with only ‘immune’ serum, and also, although generally more feebly, with only 
normal serum from various sources. Borper laid chief stress on the granular degeneration of 
the micro-organisms rather than on the agglomeration into groups. 

DurHamM and GRUBER examined the phenomena much more thoroughly, and extended 
it to several kinds of micro-organisms. “They found that the addition of a small quantity of 
‘immune’ serum to an emulsion of the corresponding bacillus in a test tube caused a precipitation 
of the bacilli in the form of fine granules, the supernatant liquid becoming clear. In fact, the 
reaction resembled an ordinary chemical reaction occurring slowly. A control tube containing 
only bacilli would remain uniformly turbid. The rapidity and completeness of the reaction were 
found to depend on the same causes as in PFEIFFER’s reaction. If the same experiment is per- 
formed with smaller quantities, so that the process can be observed microscopically, under suitable 
conditions the following stages are seen. ‘The bacilli, at first isolated and moving rapidly about 
and across the field, gradually slow down and begin to hang on one to another; groups of three 
or four are thus formed which then adhere to other groups, until, if the reaction be complete, all 
the micro-organisms are collected into large clumps, with total loss of movement. Should the 
serum be very potent and not sufficiently diluted, agglomeration and loss of movement may occur 
instantly, so that by the time the slide is brought under the microscope the reaction is already 
completed. On the other hand, with a weak or much diluted serum, the phenomena may 
remain permanently incomplete, so that several isolated micro-organisms are still seen, and even 
some of those in the clumps may retain their motility. So delicate, however, is the reaction 
that serum from a very highly immunized animal will produce an effect on its corresponding 
bacillus even when diluted 500,000 times. “The action is to a considerable degree specific (or, 
as DurHaM prefers to term it, special), for a ‘cholera’ serum will not act on typhoid bacilli, and 
‘typhoid’ serum will not act on coli bacilli. On the other hand, ‘cholera’ serum will affect to 


some extent certain vibrios which are not cholera, and ‘typhoid’ serum will agglomerate 
> y fala} 


. 


* Widal has persistently ignored the dates given in my articles, and consequently represents me as having merely confirmed 
his results, As a matter of fact, so far as Lam concerned, the invention of serum diagnosis was made independently, possibly 
earlier, and arrived at from an opposite point of view. 

+ For the sake of brevity, ‘immune,’ ‘typhoid,’ ‘cholera,’ etc, serum will be used for the serum of an immunized 
animal, for the serum of an animal immunized against cholera, typhoid, etc,, respectively, 
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B. enteriditis, But there is generally some difference, and any given serum acts best, viz., in greater 
dilution, on its own kind of bacillus, so that it can be used for its identification without causing 
confusion. 

The extent to which any serum can be diluted and yet show an effect depends in part on 
the virulence of the culture employed ; the more attenuated the culture, the weaker the serum 
solution necessary to produce an effect. It is to this grouping power that DurHam gave the name 
‘clumping action’ of the serum, and the hypothetical body producing it was termed by GRUBER 
‘agglutinin.’ 

It is obvious that the reaction can be applied to the identification of various kinds of bacilli 
if we possess specimens of the corresponding ‘immune’ sera; and perhaps, as will be indicated 
later, it may be of use in the discovery of new forms. In spite, therefore, of the sources of error 
just mentioned, a ‘typhoid’ or ‘cholera’ serum can prove of great use in determining whether 
doubtful organisms belong to these species. It is also clear that the reverse will be true: that by 
means of a known bacillus we can identify an unknown serum, and can with comparative ease 
ascertain whether an animal is at all, or to what extent, protected. 

That the ‘agglutinin’ is distinct from the bactericidal and paralyzing substances in 
‘immune’ or other serum appears from the following considerations. An ‘immune’ serum 
exhibiting strong agglutinative power need not be appreciably more bactericidal than normal 
serum. A normal serum may exhibit agglutinative without paralyzing action (7a). Agglutinins 
are not produced in the serum of animals immunized against certain micro-organisms, ¢.g., 
B. diphtherie and certain micrococci. 

Motility of the organism is not, as was at first supposed, essential for agglomeration. Not 
only can agglutination occur using dead, motionless bacilli instead of active, living ones (24), but it 
may be seen also with some non-motile bacteria and cocci. With some cocci I have seen a 
phenomenon resembling the loss of movement of motile bacteria. Before the addition of the 
serum the cocci usually exhibit a Brownian movement, which is much restrained or even entirely 
inhibited by the action of suitable serum (7). 

GRuBER explains the phenomenon of agglomeration by the supposition that the agglutinin 
causes the enclosing membranes of the bacilli to swell out and become sticky, and that they 
consequently adhere to each other when they come in contact. He also put forward the idea 
that the effect of the special agglutinin is thus to facilitate the action of the general bactericidal 
substances common to all sera; and his theory of immunity is based on these two fundamental 
ideas. 

The theory has not been unanimously accepted. PFEIFFER considers each serum to have 
a strictly specific action. SALIMBENI does not believe agglutination to occur inside the body (12). 
Nobody has been able, as yet, to demonstrate a swelling of the capsule. Be all this as it may, the 
observed facts, without any theory, form a valuable addition to bacterial knowledge. 

The ‘active’ immunization of animals is usually attained by the injection, either hypo- 
dermically or into the peritoneal cavity, of dead or attenuated cultures of the micro-organisms. 


The destruction of the culture used may be effected by the use of either heat or disinfectants, but 
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too great an application of either diminishes or destroys the immunizing power of the injection 
(144). “The date on which the reaction first appears after injection is rather variable, and depends 
on two or three factors, although chiefly on the strength of culture. “Thus a Guinea-pig, which I 
injected with living cholera culture on 18th April, 1896, showed the reaction well on the 21st ; 
whilst one injected with dead cholera culture on 16th March, 1896, did not exhibit marked 
agglutinative action till 23rd March, It is not even necessary to inject the bodies of the bacteria : 
filtered cultures give similar but weaker or more delayed results (144, 9). By the simultaneous 
injection of two kinds of micro-organisms agglutinins for both can be produced in the same serum 
(146). 

‘Passive’? immunization is generally produced by the injection of serum from an actively 
immunized animal. In such a case the agglutinative property shows itself much sooner. ‘Thus, 
in a Guinea-pig which I injected at 3 p.m. on gth March, 1896, agglutinin could be detected 
in the blood already at 3.30 p.m., and had attained its maximum strength about 6.50 p.m., 
remaining at the same strength for about one week afterwards. An actively immunized Guinea- 
pig generally possesses agglutinative serum for a considerably longer period. 

The nature of the agglutinating substance has not yet been distinctly ascertained.  Filtra- 
tion of the serum through a porcelain filter diminishes its power. Precipitation by neutral salts of 
the globulin of the serum or the fibrinogen of the plasma causes loss, or sometimes only 
diminution, of agglutinative power in the filtered fluid. Similarly serum is generally only two- 
thirds as powerful as plasma, so that the agglutinin seems to be in some way bound up with the 
proteids of the blood. Leucocytes, when shed, do not apparently give off any agglutinin. “Tem- 
perature affects agglutinin in proportion to its height and the time it is allowed to act. ‘Ten 
minutes at 75° C. destroys the substance, and an hour at 57° C. causes a diminution of effect. 
Merely heating to 60° C. does not deprive serum of its power (1, 142). 

What has been said hitherto relates nearly entirely to animals, and of these, to Guinea-pigs. 
We shall now consider the question mainly in relation to Man. 

The serum of normal Guinea-pigs rarely exhibits agglutinative power, but that of some 
other animals, particularly of the horse, sometimes show it in a marked but varying degree. So, 
too, does the serum of Man. ‘The blood of many individuals possesses a pronounced agglomerating 
action on several forms of micro-organisms ; but the quantity of each agglutinin is small, not 
showing itself when the serum is diluted more than eight times (7a). “Chus normal human serum 
presents some striking differences from that of immunized Guinea-pigs, principally in its multiple 
action. We shall consider later whether this is due to the presence of a common agglutinin 
or small quantities of each special agglutinin. 

When normal serum has any agglomerating action it is often nearly equal on at least three 
kinds of bacteria—B. typhosus, the cholera vibro, and B. coli communis. In one diseased condition 
marked by the evident presence of abnormal substances in the serum, namely, jaundice, the 
agglutinating action is nearly always present ; and if the serum be not diluted, it is as rapid and 
complete as with the serum of an immunized animal. Neither normal nor icteric serum, 


however, possesses the power of inhibiting movement. For this reason it seems probable that 
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during the process of immunizing there are formed in the specific sera two substances, one to 
cause the agglomeration and another to inhibit movement, for this latter quality is nearly as 
characteristic of such sera as the former. 

If this agglutinative property carry with it a proportionate amount of immunity, then 
a considerable number of individuals are slightly immunized against typhoid, against cholera, and 
probably also against other diseases. 

It cannot yet be considered settled whether this property is inherited or acquired. Experi- 
ments on animals seem to show possibility of inheritance (144), but if in these experiments the 
inoculations were made into the peritoneal cavity there is an obvious source of error. In the few 
human cases which I have been able to examine, the blood of the child was usually inactive, 
although that of the mother was generally, sometimes even powerfully, active. In one instance 
where the mother had had enterica five years previously, the child’s serum exhibited but very 
feeble agglutinative power. In one case, where the child was born during an attack of enterica in 
the mother, the serum was very active, but in another it was not so ; possibly in the first case the 
child was also passing through an attack. If the specific agglutinins are inherited they should be 
found fairly frequently in the sera of new-born children, especially abroad, where a larger per- 
centage of the population have had either enterica or cholera. According to my own observations, 
in Austria, at any rate, a greater percentage of adult than infant sera possesses this property, tending 
to show that it is an acquired quality. It may be that a more extended series of observations 
would reverse these figures. Anyway, in light of these differences of hamic properties, statistics 
on the relative immunity (if it exists) of the children of ‘typhoid’ parents would be of 
interest. 

It was natural to suppose as the result of experiments on animals, that typhoid (or cholera) 
patients, who were thus passing through a natural immunizing process, would produce agglutinins 
in their blood. Observation showed this supposition to be correct, and vaccination experiments on 
Man have confirmed it. In the latter case agglutinins have been observed in the blood already on 
the second day after injection (154). When the infection of typhoid takes place in the natural 
way, owing to the smallness of the initial dose, the agglutinin is not generally found in the serum 
until two or three days after the nominal commencement of illness, viz., about sixteen days after 
infection. ‘This may be taken to be about the time when the contest between organism and 
micro-organism seriously begins. In cholera, with its much shorter incubation period and rapid 
development, we should expect to, and actually do, find the reaction earlier. 

If the normal agglutinin in the blood is of a non-specific character, then an attack of 
enterica produces an entirely new substance and does not add to what is already present, 
because the effect of the serum on cholera vibrios and coli bacilli remains the same, only that 
on typhoid bacilli is increased. 

The rate of agglutinin production varies in different cases as might be expected, and there 
is also a remarkable variation from day to day in the agglutinative power of the serum. These 
variations can hardly be entirely due to experimental errors. In immunizing animals I have often 


noticed that the agglutinative power seemed to increase irregularly. Moreover, it is known that 
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the agglutinin is used up during its action on the bacilli, this being one reason for always 
employing a constant quantity of culture. Consequently, it appears possible that a rapid increase 
in the number of micro-organisms, which may easily occur if they light on some fresh suitable 
soil, would use up the available agglutinin and reduce the amount temporarily below what it had 
been the day before, and may reduce it below the level of normal blood. And it explains why 
the most severe cases of typhoid may have comparatively little agglutinin in their blood. 

By the aid, therefore, of a known culture of typhoid bacilli, and by suitable dilution of the 
serum to be tested to avoid any error due to the presence of normal agglutinin, it is possible to 
diagnose enterica by the agglutinin contained in the patient’s blood. It is obvious that the 
principles of serum diagnosis apply to other diseases as well as enterica. “The method has indeed 
been used for the diagnosis of cholera, Malta fever, and glanders. In diphtheria and tubercle it 
has not yet been successful. It might very well be applied also to the diagnosis of pneumonia, 
erysipelas, appendicitis, and influenza, if required, since it is not necessary that the specific organism 
should be motile. From a case of scarlet fever I isolated a coccus which agglutinates with scarlet 
fever serum (74). 

One general precaution must be mentioned regarding the serum diagnosis of any disease. 
Although absurdly obvious, neglect of it has already led into error, namely, that the test is not 
reliable if injections of ‘antitoxic’ serum have been made and agglutinins thus artificially 
introduced. 

Not only may the agglutinin reaction be applied to the diagnosis of disease already present, 
but is also likely to be of use in the discovery of specific micro-organisms as yet unknown, «g., 
small-pox, typhus, measles, etc. For this purpose bacteria must be isolated from the various tissues, 
and their reaction with the serum of patients convalescent from the disease in question ascertained. 
Naturally, any positive result must be controlled with other sera, and by suitable dilution of the 
specific serum. 

There is one source of fallacy against which it is necessary to guard. Some infectious 
diseases, ¢.g., scarlet fever, and small-pox in its later stages, are nearly certainly cases of mixed 
infection, more particularly with the organisms of sepsis. Under such conditions more than 
micro-organism might give a reaction with the serum, and other criteria would have to decide 
which is the specific one. Partly for this reason I do not consider the coccus above-mentioned to 
be the specific organism of scarlet fever. 

Without DurHam and GRuseER’s exact and complete investigation and extension of the 
older isolated observations, a valuable addition to both practical bacteriology and to practical 
medicine would have been, if nothing else, for some time delayed. The application of the serum 
test to disease in Man is but the natural outcome of their work. Being now part of routine 
diagnosis it is past the stage when the name of any individual should be attached to it, but 
in the history of this new departure in diagnosis their names have the first claim to be 
mentioned. 


October, 1897. 
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ADDENDUM 


An enormous literature has grown around the subject of serum diagnosis. The general tendency 
is to confirm its utility. From my own experience I am inclined to think, contrary to the usual teaching, 
that greater accuracy is attained by diluting the serum to at least 1 in 30, and regarding the formation of 
quite small groups as indicating a positive result, rather than by diluting only 1 in 10 and requiring large 
groups, clearing of the field, and loss of motility. The latter sign especially I regard as inessential, 
provided agglutination is present. 

My opinion that severe cases might often give feeble results has been confirmed, not only for 
typhoid but also for other diseases, so that I feel inclined to regard the tentative explanation given in the 
text as correct. 

An important development of the work on agglutination has been its extension to red blood 
corpuscles, spermatozoa, &c. ‘They can be agglutinated by the serum of different patients or animals 
(Borvet, Lanpsrriner, Duncern, Suatrock, &c.). ‘There may be some future practical diagnostic value 
in these experiments. It is interesting to recall, in this connection, the physical experiment of Sir L. 
Brunton with matches or discs of cork floating in a slightly oily liquid. ‘The addition of acid causes 
them all to separate ; making the solution alkaline causes agglutination. 


March, 1900. 
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NOTE ON THE SPECIFIC ACTION OF NORMAL 
HUMAN SERUM UPON THE BACILLUS 
COLI COMMUNIS* 


by (5, Ro VCHRIS TOPPERS, ViB.. Vict: 


From tHE Patruotocica, Lasorarory, Universiry Coxivecr Liverpoo. 


The application of the serum diagnosis to the differentiation of the typhoid bacillus from 
the various varieties of the bacillus coli communis has not hitherto been as satisfactory in its results 
as might have been anticipated. 

PeckHamt gives a table showing the action of typhoid human serum upon 70 cultures 
of typhoid and coli bacilli obtained from various sources, and lays stress upon the anomalous 
results obtained by her application of this test to the differentiation of the two forms. In her list 
the majority of cultures giving the biological characters of coli were undoubtedly agglutinated by 
human typhoid serum ; one in particular she mentions as giving the reaction as fully, that is, 
clumping, and almost entire cessation of movement, as did any of the typhoid cultures. 

ZIEMKE {| states that whilst using cultures of coli as controls in the performance of 
the Widal test, he frequently found that they were agglutinated by typhoid human serum. 

BENsAUDE§ also states that the agglutinins of typhoid serum act upon the B. coli, though 
in a less degree than upon the typhoid bacillus, and explains this action as being due to the close 
biological relationship of the two organisms. 

Such marked action of typhoid serum upon the B. coli would naturally invalidate the strict 
specific nature of the reaction between typhoid serum and the typhoid bacilli. “There is, however, 
a source of error, which I have not seen mentioned, which may be to a large extent responsible for 
these puzzling results. It is that many have used, as the differentiating test, the blood of human 
typhoids. Now, in the following table, it will be seen that normal human serum has, in the great 
majority of cases, as specific an action upon the bacillus coli communis as has the serum of a 
typhoid patient upon the bacillus typhosus ; that, in fact, the serum of a typhoid patient probably 
has two distinct specific actions, one upon the typhoid bacillus due to infection by that organism, 
and one upon the B. coli, an action which is present alike in typhoid and non-typhoid sera. 

Table I shows the action of a number or non-typhoid and typhoid sera upon the B. coli, 


with the amount of dilution with which the reaction could be obtained. The coli organism used 


* Reprinted from the ‘ British Medical Journal.’ ft Ziemke. ‘ Deutsche Med. Wochensch,’ 8 April, 1897. 
} The ‘ Journal of Experimental Medicine,’ vol. ii, No. 5, § ‘Le phéenomene de l’agglutination des Microbes,’ par 
1897. Raoul Bensaude. 
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At the dilutions given the action was not pronounced negative until after two hours. At such 
small dilutions as 1 to 20 the coli organism was agglutinated within zo minutes with precisely similar 
appearances to those seen in the agglutination of the typhoid bacillus. 


was one which gave in a marked degree the characters of the B. coli, such as.indol formation, 
coagulation of milk, gas formation, marked growth on potato, etc. 

In order to see to what extent this action would hold good with different varieties of colon 
Bacillus, I tried the action of normal and typhoid sera in dilution upon 16 cultures of supposed 
coli organisms taken from different sources. “Three of these were acting pathogenically, 4 were 
from sewage, 4 from milk, 3 from mussels, and 1 from cheese. 

It will be seen that the majority of these were agglutinated by human serum, independently 
of the fact whether it was from a typhoid patient or not. In fact, had any of these been suspected 
typhoid organisms, and the action of human typhoid serum been tried upon them, they might 
very easily have been returned as typhoid bacilli. 

In face of these results, I think that in the use of human typhoid serum for diagnosing 
suspected typhoid bacilli found in water, milk, etc., the equally specific action of the serum upon 
B. coli must also be borne in mind. 

In the examination of a number of rabbits’ sera I found that, in the majority of cases, 


dilution to the extent of 1 in 20 did away with all agglutinating action upon both the typhoid and 
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colon bacillus. Such animals injected with typhoid cultures ought (supposing a strict specific 
action) to give a serum agglutinating the typhoid bacillus and not the colon bacillus. 

In Table I it will be seen that on none of the coli-like organisms had the serum of a 
typhoid rabbit (in dilution) any action, whilst it had a marked action on typhoid bacilli. So that, 
presumably, the results of those observers who have used the sera of injected animals as the 
differentiating agent have escaped the above-mentioned error. 

However, even if injected animals be used, the serum ought to be proved to have no action 


upon the colon bacillus in the dilution at which it is proposed to use it as a differentiating test. 


THE BACTERIOLOGICAL DIAGNOSIS OF PLAGUE* 
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Resgarcu Assistant, ParuotocicaL Scuoot, THompson Yares LaBorarories 


The following methods are those adopted at the Plague Research Laboratory for diagnosing 
plague in Man or animals, and for testing a plague culture. Naturally, in Bombay, we had to do 
with recent cultures, and the following remarks apply to such. A plague culture grown for a long 
time on artificial media does not seem to give the same results ; at any rate, a culture of plague 
which had been kept for a long time in a laboratory, and which was given me to examine, did not 


grow typically in broth. 
Mepia 


Only two kinds of media are used—agar and broth ; it is found impossible to work with 
gelatine on account of the high temperature. Ordinary agar slant tubes are allowed to dry. 
Should they be required for use soon after they are made it is best to place them for a few days in 
a drying bottle, with quicklime at the bottom, otherwise they may be dried by leaving them on 
their sides in a dark room for a few weeks. If plate cultures are made it is better to prepare the 


plate, and let it dry and make a smear culture. 


BRoru 

A special peptone solution and infusion of meat made out of Goat’s flesh is used on account 
of native religious prejudice against beef and commercial peptone, but ordinary broth made of beef 
infusion, p/us I per cent. peptone p/us 0.5 per cent. salt does just as well, or better. 

The broth need not be neutralized unless very acid. I have often found the plague 
bacillus grow better in broth made without any addition of alkali, the reaction to blue litmus paper 
being a slight tinge of red. As such broth generally gives a precipitate after sterilization, and 
requires to be filtered and sterilized again, it is better for practical purposes to render the broth 
slightly alkaline, the less the better, and not more than is given by 0.2 gram per cent. of caustic 
soda added to the broth after being made neutral. About 100 c.cm. should be put into globular 
flasks of about 200 c.cm. capacity, and sterilized at a slightly lower temperature than that at which 


the broth was originally heated ; if this is done, no further precipitate will come down. 


SOURCE OF THE PLaGuE MIcRoBE 
The plague microbe is found in the blood shortly before a fatal termination of a case of 
plague, so the specimen should be taken shortly before or soon after death. 
The sputum of a case of pulmonary plague contains the bacilli. If the bacillus is to be 
sought for in the bubo, it is better to make a small incision in the skin, and push a small sterilized 
glass pipette into the gland, and suck up a drop or two of the juice. This should be done before 


suppuration has commenced. 


* Reprinted from the ‘ British Medical Journal.’ 
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‘TEMPERATURE OF INCUBATION 

In Bombay it is found better not to use an incubator. ‘The microbe grows best at the 
ordinary room temperature. By placing a large number of tubes to incubate, under varying 
conditions, I found the best growth on those incubated at 74° F.in a cupboard. In this country 
an incubator would be required. 

GROWTH ON AGAR 

The colonies appear in 24 to 48 hours. If numerous, they appear to the naked eye as 
small round points, colourless and translucent. Under Zeiss Obj., A they are translucent with 
slightly greenish tinge, granular, and have slightly ragged edges. 

If the colonies are scanty the individual ones may grow larger. ‘The growth takes place in 
successive concentric circles round the original colony, which appears heaped up in the centre and 
is more the colour of mother-of-pearl as it grows older. 

A plague colony slips about on the surface of the agar when touched with a platinum wire. 

If a dried agar slant tube is inseminated by introducing 0.1 to 0.2 c.cm. of a broth culture 
by means of a long thin glass pipette, and if the culture is smeared evenly over the surface with a 
thin glass rod or with the end of the pipette (care being taken not to dig into the agar), the 
so-called ‘ground-glass’ appearance is seen after one or two days’ incubation. The layer of 
growth should be viewed from underneath through the substance of the agar with the light coming 
from opposite, the eye being almost level with the slanting surface of the agar tube held about a 
foot off. The layer of growth looks like bright ground-glass or like the back of a looking-glass. 
‘The agar must be dry so that it will absorb the broth leaving the bacilli on the surface. If there 
is any broth not absorbed, or any condensation water present, the growth in contact with the 
liquid is smeary and somewhat milky. After inseminating the tubes it is well to leave them on 
their sides for a few minutes and then incubate them in the upright position. In examining them 
care should be taken not to allow any liquid that may be at the bottom of the tubes to flow over 
the surface of the growth. 

This ‘ ground-glass’ appearance was first shown by Harrxrne. It is a very useful method 
of testing the purity of a culture known to be plague, because a strange colony is generally detected 
at a glance. Some microbes, proteus for example, will grow in amongst the plague, when the 
film will no longer have a typical ‘ ground-glass’ appearance, but will appear somewhat slimy. 

Neither is this ‘ ground-glass’ appearance peculiar to the plague microbe alone, for I 
succeeded in separating a spore-forming micro-organism from the air that showed the ‘ground-glass’ 
appearance after 24 hours’ growth; but the growth became opaque after 48 hours’ incubation, 
coincident with the formation of spores. 

Broru 

HarFFKINE considers the stalactitic growth of plague in broth to be characteristic of the 
microbe. He puts a drop or two of cocoa-nut oil or ghee (native clarified butter) in the flasks 
before they are sterilized ; the oil globules form a thin broken film on the surface of the broth. 
After inoculation the flask must be incubated on a firm shelf or table. In three to six days 


numerous thin threads of growth are seen hanging down from the surface into the otherwise clear 
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broth. If the flask is gently shaken, the stalactites fail down to the bottom like a fall of snow ; 
after a time the broth becomes clear again, and in a day or two another lot of stalactites will be 
found hanging from the surface. 

It is most important to keep the flasks still, for the slightest movement or vibration is 
sufficient to cause the stalactites to drop. A shelf is most convenient to rest the flasks on, because 
the stalactites are best seen by placing a small candle-end lighted behind the flask and looking 
through it. If an incubator is used, the flask should be placed on the front of the shelf so as to 
allow room for the light behind, and the door should be opened very gently; an incubator would 
have to be kept specially for the purpose. The film of oil probably acts merely as a point d’appui ; 
it is by no means necessary, but it hastens the formation of stalactites. 

In making broth cultivations the writer always inseminated the flasks by means of a thin 
drawn-out glass rod long enough to project above the mouth of the flask ; one end is held in the 
fingers, and the rod passed seven times slowly through the fame. ‘The other sterilized end is 
drawn over the culture, the rod is then passed into the flask between the cotton wool plug and the 
glass till the end touches the bottom, the unsterilized part of the rod projecting above the plug. If 
the flask is observed day by day another characteristic phenomenon may be seen: the microbe 
‘growth creeps up the glass rod till it reaches the surface, and then gradually spreads out till the 
surface of the broth is covered with numbers of small round colonies, which grow down into the 
substance of the broth as ‘stalactites.’ A few whitish colonies may be seen growing on the 
bottom of the flask and up the sides ; the broth itself remains perfectly clear. 

This curious form of growth on the surface of the glass seems to be characteristic of the 
plague microbe ; it proves a useful test, because some idea can be formed before the ‘ stalactites’ 
have had time to grow. If the microbe is found to be growing in this way, and if the broth itself 
remains clear, so far as the writer’s experience goes it has always turned out to be plague, and 


shows a ‘stalactitic’ growth in a few days more. No fat or oil was used in these cultivations. 


Microscopic ExAMINATION 

The plague microbe stains readily with aniline dyes, but not by Gram’s method. The 
bipolar staining in stained specimens, when the ends are found to be deeper stained than the centre, 
is by no means a constant phenomenon and cannot be relied on for diagnosis. Mr. Warkins- 
PircHForRD considers it due to a greater collection or condensation of the protoplasm in these 
regions ; he notes that the spots are readily visible in the living and unstained specimens, so they 
cannot be due to staining. “The detection of the spots he considers to be a most valuable aid to 
the rapid identification of the germ. Dr. E. L. Marsu drew my attention to the fact that plague 
microbes suspended in water dry as a bluish film on a microscopic slide ; if he does not get this he 
considers it unnecessary to go on with the staining. 

The bacillus is polymorphic ; it is sometimes seen as a very short bacillus, almost like a 
coccus or diplococcus ; at other times as a short stumpy bacillus with rounded ends. Very often it 
is found in pairs as a diplobacillus, and sometimes in distinct short chains. I have found this latter 


form chiefly in broth, especially in the unneutralized broth. 
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PRELIMINARY NOTE 


ON SOME EXPERIMENTS TO DETERMINE THE COMPARATIVE 
EFFICACY OF THE DIFFERENT CONSTITUENTS OF 
HAFFKINE’S PLAGUE PROPHYLACTIC * 


By C. BALFOUR STEWART, M.A., M.B. Cams. 


The following short note gives the results of experiments done at the Plague Research 
Laboratory, Bombay, between February and May, 1899. ‘The full account has been sent in to 
Government, and will appear in due course. 

_A number of Rabbits were inoculated with increasing doses of a young culture of living 
plague in broth, and the somewhat unexpected result was found that the Rabbits which received 
the larger doses showed the smaller mortality. I thought it possible that during the growth 
in broth the latter had acquired sufficient prophylactic properties to render the animal immune to 
the microbes contained in the broth culture injected. 

To see whether the prophylactic property lay in the broth altered during the growth of 
the microbe or in the sediment, several sets of experiments were done in which the broth was 
filtered through a porcelain filter. The sediment of a certain quantity of living plague culture 
was found to be more virulent than the same quantity of broth culture unfiltered when injected 
into Rabbits. 

Some Rabbits were inoculated with the filtrate alone, others with the sterilized sediment 
alone, and immediately afterwards injected with a suspension of living plague from an agar tube. 
The result seemed to show that both the filtrate and the sterilized sediment possessed prophylactic 
properties. 

Immunity seems to be conferred even when the animal is inoculated with the pro- 
phylactic immediately before the injection of plague. 

In testing the virulence of a plague culture, it is evidently important to use only a very 


young broth culture or an agar culture. 


* From the Plague Research Laboratory, Bombay. 
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EXPERIMENTS TO DETERMINE THE EFFICACY 
OF THE DIFFERENT CONSTITUENTS OF 
HAFFKINE’S PLAGUE PROPHYLACTIC* 

By C. BALFOUR STEWART, M.A., M.B. Camps., THompson Yates LaBorarTory, 


University CoLLteGe LIvERPOOL 


In HaFFKrne’s anti-cholera inoculations in India it was noticed that, whereas the case 
incidence among the inoculated was much reduced, the case mortality was not influenced ; the 
inoculations produced a resistance against the invasion of the body by the cholera microbe, but no 
resistance against the toxins formed if they once caused infection. 

Gama tia showed that it was possible to immunize an animal against virulent microbes 
without it being immune to the toxins of the same microbe produced artificially in the laboratory. 
BreuwrRinG and Kirasaro showed that by inoculating an animal with increasing doses of toxin it 
could be rendered resistant to a lethal dose. 

HaFFKINE acted on these observations in devising the plan of anti-plague inoculations. He 
says: ‘When, in 1896, I was confronted with the problem of working out a prophylactic treatment 
against the plague, I determined to put to the test the ideas originated by the observation on our 
cholera patients, and to attempt, in the new preventive inoculation, to obtain at once a lowering of 
the susceptibility to the disease and a reduction of the case mortality. “This I resolved to obtain 
by treating the system with a combination of bodies of microbes and of concentrated products of 
them. In giving the above considerations I beg that they should be considered as temporary, 
subject to modifications or to complete refutation.’t 

The following experiments, of which a preliminary note appeared in the ‘ British Medical 
Journal’ for September 2nd, 1899, were done at the Plague Research Laboratory, Bombay, to try 
and supply experimental proof to this theory. 

I had previously remarked that when several rabbits were inoculated with varying doses of 
a ten-day-old living broth culture of plague those that received the larger dose showed the lesser 
mortality. Arguing that when the larger dose was given, a quantity of certain substances capable 
of conferring immunity or reducing the severity of the case were injected along with the living 
microbes, and that since a young culture was used and the microbes presumably all living, this 
substance was probably contained in the broth acted upon by the growth of the microbes, I 
proceeded to inoculate a series of rabbits with increasing doses of living plague culture in broth. 

In some previous experiments I had found that about 2 c.cm. of HaFrKiner’s prophylactic 
per 1,400 grams of Rabbit were sufficient to give immunity. In these experiments a smaller dose 


was taken because immunity was not wanted ; what I wanted to find was whether there was any 


* © British Medical Journal,’ March 3rd, 1g00. 


+ A Discourse on Preventive Inoculation, Delivered at the Royal Society, Sweden, on June 8th, 1899, by W. M. 
Haffkine, C.I.E, 
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benefit in the larger dose of metabolised broth. Moreover, if the Rabbits became ill it would. be 
from plague, since the culture was not sterilized ; and if more recovered after receiving the larger 
dose than was the case with those receiving the lesser it would show that the larger dose of 
metabolised broth tended to lower the case mortality. 

Seventeen Rabbits were inoculated with a broth culture of plague from the laboratory stock. 
Letter P denotes that a post-mortem examination was made and the plague bacillus recovered from 
the heart blood. 


EXPERIMENT I 


No. Weight. Result. 

I... 2,020 grams inoculated with 0.175 c.cm. 8 days old living culture ... Survived. 

2 ier ltefoye ar as A OS ms - _ - ... Died in 64 hours. P. 
3 159100 5; e Ons *, 5 * si ... Survived. 

ae Wen Jeyliykey a 7 Onn Rs mA s 5 ... Died in 20 hours. P. 
5 1,540 ,, 5 34 10 s 5 55 * ... Died in 64 hours. P. 
6 1,810. ,, Yes ° a 33 ... Survived. 

7 ee) Fp _ SLES - = A. Ae ... Survived. 


Experiment II 


No. Weight. Result. 

8 ... 1,000 grams inoculated with 0.5 c.cm. 8 days old living culture ... Died in 75 hours. P. 
Ol.n 1,050 5 a ehyis op es x nm ... Died 6thday. NoP.-M. 
TOmeeen ll, 2OOmmE. a Ce LEO, - a Sf 3 ... Died in 60 hours. P. 
1830 Mesrieal They: KO) Od ry ee syn Le2Gh Bee = a "7 ... Died in 60 hours. P. 
1 Aon IEP op Ph su lies Ne 5 - ... Survived. 

130 ee) 1,4 SO f 1S = 55 Ps ... Survived. 


Experiment III 


No. Weight. Result. 

14 ... 1,750 grams inoculated with 0.5 c.cm. 11 days old living culture ... Died 6thday. NoP.-M. 
15 tes 000 5, Ps PONS ks a es Rs ... Died 6thday. NoP.-M. 
16) 16880) 5, Ps so) pale G rages 25 - “ ... Survived. 

LF was GAO 5; a sg SIRS UR ess ae ie », Died 3rd day, 10 hours. P. 


As a control to these, some of the culture that was used for the last four Rabbits was filtered 
through a porcelain filter, and the microbes were washed off the candle into a quantity of sterilized 


water equal in amount to the broth culture taken. Four Rabbits were inoculated. 


No. Weight. Result. 

18 ... 1,420 grams inoculated with 0.5 suspension ... Died 4 days 20 hours. P. 
SIG) nes ele) « Bot Osos ay ss ... Died 5 days 20 hours. P. 
ZOmene 1e2OO ss 53 oe sc FE ... Died 3 days 23 hours. P 
Pi hon Gyles i sraeilens = ... Died 3 days 22 hours. P 


Thus, out of 10 Rabbits inoculated with doses of 1 c.cm. and under of living plague broth 
culture, 8 died ; and of 7 Rabbits inoculated with doses over 1 c.cm. and up to 1.5 c.cm., only 2 
died. It is evident that the larger dose contained sufficient active substance to reduce the mortality, 
and as the cultures were young it is more likely the substance was contained in the broth than in 


the deposit, which would consist almost entirely of living microbes. 
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Another experiment was made in which the supernatant fluid in the broth acted upun by 
the microbe was separated from the sediment of microbes, and the two constituents tested separately 


and together with respect to their prophylactic properties. 


EXPERIMENT IV 


A 21-day-old broth culture, obtained recently from a patient, was filtered through a porcelain filter, 
and the microbes remaining on the candle of the filter were washed off into a quantity of sterilized water, 
equal in amount to the broth of the culture taken. The suspension was heated at 60° C. for thirty 
minutes. Rabbits were inoculated as follows : 


No. Weight. 

I... 1,750 grams inoculated with 3 c.cm. filtrate. 

2 TetG On wuss 55 sy ih 53 5 

SEI Oy 5 - »» 3 5) Suspension. 

Aes IG010) —,, a ae fo S. 

Gemen EGO: 7 5 55 » 075 ,, filtrate, 0.75 c.cm. suspension. 
6 tO) os 5 pONGia a Omi s e 


Immediately after they were inoculated in the other flank with } ofa suspension of a 3-days-old 
agar culture of plague obtained from the same broth culture. Two controls were also inoculated with the 
same quantity of the living culture alone. The controls both died, one in forty-eight hours, the other in 
three to four days ; a large number of bacilli were found in the heart blood. 

Nos. 1 and 2 both survived, but No. 1 was ill for 6 days. 

No. 3 died in 3 days, but very few bacilli were found in the heart blood, either by the micro- 
scope or by cultivation. 

No. 4 survived. 

No. 5 died in 49 hours, but no plague microbes were found in the heart blood, so it cannot be said 
to have died of plague. 

No. 6 survived. 

It appears from this experiment that the filtrate alone conferred power to prevent or to 
modify an attack of plague ; Rabbit No. 1 probably had plague, but survived. 

The suspension of sterilized microbes seems to have conferred bactericidal properties, for 
the blood of the Rabbit No. 3 contained few bacilli compared to that of the controls. 

The mixture of filtrate and suspension of sterilized microbes protected Rabbits Nos, 5 and 6 
from plague infection, for no plague bacilli were found in the blood of Rabbit No. 5. The dose of 
the mixture was equivalent to 0.75 c.cm. of culture ; this dose was taken and not 1.5 c.cm., as 
appeared from the first experiments to be required, because in this last experiment older, and 
therefore stronger, culture was used. 

Lusric and GaLegorri*™ state that the immunizing property is a nucleo-proteid contained 
in the bodies of the microbes, and that if HAFFKINgE’s prophylactic has any immunizing property 
it is due to the nucleo-proteid dissolved or still contained in the bodies of the microbe. But this 
would not obtain in the above experiments, for the cultures were made in slightly acid broth— 
that is, ordinary beef broth without the addition of an alkali, so the nucleo-proteid would not be 
dissolved. Moreover, the cultures used were young and the microbes probably all living and not 


in a state to give up their nucleo-proteid. 
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* ¢ British Medical Journal,’ February toth, 1900, 
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‘These observers advocate a prophylactic made of a solution of the nucleo-proteid obtained 
from microbes grown on solid media, and they say that HaFFKINE concurred with their view when 
he tried to test the strength of his liquid by the quantity of deposit produced in the cultures. 
This no doubt is so, for inasmuch as the bactericidal property is conferred by substances contained 
in the dead bodies of the microbes, he naturally tests the strength of the prophylactic by the 
amount of deposit. The primary object is to produce a prophylactic substance ; but HAFFKINE, on 
theoretical grounds, thought the supernatant fluid, by virtue of the toxins, conferred power to 
withstand the toxins formed if the persons did contract plague after being inoculated—that is to 
say, it reduced the case mortality ; for these reasons he preferred to keep the supernatant fluid in 
his prophylactic. 

The foregoing results show experimental confirmation of the theory. I recognise that 
many more observations should be made. I used up all the Rabbits procurable in Bombay at the 
time, and was unable to obtain any more, but I hear that these experiments have subsequently 


been repeated and confirmed by Captain Mixng, I.M.S., at the same laboratory. 


A NEW MICROCOCCUS 
WITH A NOTE ON THE BACTERIOLOGY OF LYMPHADENOMA* 


From the Pathological Laboratory, University College Liverpool. 


By JOHN HILL ABRAM, M.D., M.R.C.P., Asstsrant Puysicran, Roya INFIRMARY ; 


SENIOR DEmMonsTRATOR OF PaTHoLocy, UNIVERSITY COLLEGE LIVERPOOL 


Pirate XII 


I have lately had a case of lymphadenoma under my care, in which I have made a 
bacteriological examination of the blood during life. I have long felt that the ordinary method of 
obtaining blood for this purpose is unsatisfactory, and I adopted the following method, which was, 
I believe, first recommended by Sirrmann. ‘The skin of the forearm was sterilized by packing 
with a towel soaked in 1 to 1000 perchloride of mercury for two hours, and then the needle of a 
hypodermic syringe (sterilized by boiling for five minutes) was thrust into one of the 
superficial veins. In this way a fair quantity of blood can be obtained without causing more 
than momentary pain. 

Plates were made in the usual manner. Fourteen colonies developed in a single plate, the 
majority being pure growths of Staphylococcus albus. In addition to these there were three colonies 


of an organism having the following characteristics :-— 


Medium, ee 
Gelatine plate - Sze tC; Slow growth. Colony circular, surface finely granular, 
margin regular. Slow liquefaction. 
“ stab - - ia Growth faster at surface than in depth. Slow lique- 
faction reaching wall of tube in 6 days. 
Agar plate - = 9375 iC. Fairly rapid growth on surface, colony round, regular 
edges. 
» stroke - oe ne Growth fairly rapid, is slimy and resembles a streak of 
white paint. 
Potato - - Be as Good growth. Culture raised, dark red, no staining 
of potato substance. 
Milk - - aes Leh No coagulation. 
Broth = - - — Abundant growth ; powdery sediment. 
Litmus agar - 2° hee Medium turns red. 
Glucose gelatine = wate 1G, No gas formation. 


Microscopically the organism is a small micrococcus, aggregated in clumps. It stains well 


by the ordinary methods ; it is not stained by Gram’s method ; it is non-motile. Inoculation 


* From the ‘ Journal of Pathology and Bacteriology.’ 
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experiments have given negative results. So far as I can ascertain the organism isolated has not 
been described before. 

Further examinations of the blood have failed to detect any organisms, and, taking into 
account the failure of the inoculations, it is evident that this organism has nothing to do with 
lymphadenoma. At the time it was present the patient was undergoing a febrile attack, no doubt 
due to the Staphylococcus albus infection. 

Before considering the question of the bacteriology of HopcKkin’s disease, it is necessary to 
point out the confusion which exists with regard to the exact application of the term lyphadenoma. 
This is well shown in the list of names given by Von Limpeck* under the generic term— 
Pseudo-leukaemia: (HopcKIn’s disease), anemia lymphatica (WixKs), cachexie sans leucémie 
(BonFizs), adenie (TRousszav), anemia splenica (GRIESINGER), malignes lympho-sarcom 
(Lancuans), malignes lymphom (BILLroruH), desmoid carcinom (R. ScHuLz). 

It is, I believe, not yet possible to draw sharp lines between the conditions which are 
mustered under the title of pseudo-leukzemia, but it seems probable that it includes more than one 
disease. 

Taking the condition from a general point of view, it has of late years been more and 
more frequently urged that it is of an infective nature, on the score of (1) the anatomical structure 
of the enlarged glands, and the deposits in the various organs; (2) the symptomatic features, 
anzmia, hemorrhages, and so forth. 

On looking up the literature, the investigations of the disease from the infective point of 
view have not been numerous. KeEsst states that WeIcERT found bacilli having the staining 
characteristics of tubercle bacilli in the enlarged mesenteric glands, and that he himself in one case 
found a short, freely motile bacillus in the blood, both during life and post-mortem. KetscH and 
VaILLarD{ in a case of ‘’Tumeurs lymphadeniques multiples avec Leucémie,’ found once during 
life and in the organs after death a short non-motile bacillus, hardly longer than broad, staining 
readily with methylene-blue, but not by Gram’s method. It did not liquefy gelatine, and on 
potato at 35° C. gave a moist shining yellowish-brown growth. Inoculations into Guinea-pigs 
gave no’results, but Rabbits and white Mice were killed in 36 hours. They do not claim specific 
properties for this organism. 

DrescHFELD§ has put on record a case of acute HopcGKin’s disease, in which small bacilli 
were found in the kidney post-mortem. Cultivations were not obtained. “TRAvERsa|| has 
recorded a case of acute pseudo-leukemia, in which streptococci were found in the blood during 
life, and Grosst™ a similar case, in which the examination had a negative bacteriological result. 
Lannots and Groux** have recorded a case of acute pseudo-leukemia in which Staphylococcus 
pyogenes aureus was found. 


It may fairly be assumed that, in my case and in those of TRraversa, Lannots, and Groux, 


* Von Limbeck. ‘Klin. Path. des Blutes, 2 te Aufl. S. 326. || Traversa. ‘ Riforma med.,’ Napoli, 1893, t. ix, 
+ Klebs. ‘ Allgemeine Pathologie.’ p- 26. 
} Kelsch and Vaillard. ‘Ann, de Inst, Pasteur,’ Paris, 1890, Q Grossi. Jbid., 1893, t. ix, p. 62. 

tome iv, p. 276, ** Lannois and Groux. ‘Lyon méd.,’ 1890, No. 34. 


§ Dreschfeld. ‘ Brit. Med, Journ,,’ London, 1892, vol. i, p. 893. 
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the organisms found were the result of a secondary infection ; and in my own case it is interesting 
to note that, during the period of secondary infection, the glandular swellings diminished greatly in 
size, to again enlarge when the organisms disappeared from the blood. In DrescHFEtp’s case the 
organism was found only in the kidney, and moreover, only after death, so that but little value can 
be attached to its presence. KezscH and VatLLarp claim no specific property for their 
organism. 

In conclusion, the organism of lymphadenoma, if organism there be, has yet to be isolated, 


and the method of StrrmaNnn would appear to afford the best means for its detection. 


DESCRIPTION OF PLATE XII 


Fic. 1.—Agar growth. 
Fic. 2.—Potato growth. 
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MOUSE FAVUS* 


By JOHN HILL ABRAM, M.D., M.R.C.P., Asstsranr Puysicran, Roya INFIRMARY ; 
SENIOR DEMonsTRATOR OF ParHoLocy, Universiry CoLLtEGE LiveRPoor 


From the Pathological Laboratory, University College Liverpool. 
Pirate XII 
In the spring of 1897 a Mouse was sent to the laboratory for examination. It was stated 
that all the Mice caught in a local sugar refinery were in a similar condition to the one we 
received. On examination a thick greyish crust was obvious, extending from the mouth 
backwards over the cheek on to the trunk. 

“I had considerable difficulty in obtaining pure cultivations, but eventually succeeded by 
adopting Krat’s method. <A portion of the crust was rubbed down with sterilized sand in a 
sterilized mortar, the resulting mixture distributed in melted agar, and plates made in the usual 
manner. 

In this way pyogenic cocci were isolated, and an organism which had the following 
cultural characteristics :-— 


Gelatine at 21°C. - - Growth slow, with gradual liquefaction. 

Agar at 37° C. - - Growth fairly rapid. The centre is occupied by a dense mass, 
which does not penetrate deeply into medium ; the margin 
shows an abundant feathery outgrowth. After some days the 
centre of the growth becomes pink and eventually deep red. 

Growth more rapid than on agar. Less marginal growth, but 
marked superficial growth of low, thick, white aérial hyphe. 
Red colouration also more marked. 


Tartaric acid agar 


Tartaric acid potato Fair growth. Surface covered with dense growth, pure white 


in colour. The growth has an appearance exactly resembling 
the icing on a cake. 

Examination of the feathery marginal growth shows a thickly growing branching 
mycelium, with rounded swellings in the course and at the ends of the hyphe. No special 
fructification organs can be made out. 

Inoculations upon Mice and Rats produced typical favus growths. Inoculation on a Hen 
failed. 

NicovalER, in FLucGe’s laboratory, has investigated a similar condition, and isolated a 
fungus which gave cultures in all respects similar to mine. Inoculations also gave identical results. 

I have made cultivations on similar media of a stock human favus organism, obtained from 
the favus of Man, with the result that after repeated inoculations upon the tartaric acid media, 


the growth became almost identical with that of the mouse favus organism. 


* From the ¢ Journal of Pathology and Bacteriology.’ 
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The absence of any definite fructification organ makes the differentiation of the two 
organisms almost impossible, but for my own part I believe them to be identical. This opinion 
is also held by Borr.* 


DESCRIPTION OF PLATE XII 


Fic. 3.—Agar growth. 
Fic. 4.—Tartaric acid potato. 


* ¢Vrtljschr. f. Dermat.,’ Wien., Bd. Ixxxvii, S. 429. 


TUBERCLE BACILLI IN MILK, BUTTER, AND 
MARGARINE* 


By H. E. ANNETT, M.D. Vicr., D.P.H., PRorgssor Kocu’s Insrrrure, BERLIN, 


AND THE THompson Yares Laporaroriks, LIVERPOOL 


In the midst of the great movement at present occupying the attention and interest both 
of the profession and the public, namely, the provision of sanatoria and homes for the phthisical, 
there is some danger of the fact that tuberculosis is a preventable disease being considerably 
neglected. “he human digestive tract plays an important, but probably the most easily prevent- 
able, réle in infection by tubercle bacilli ; a rdle, however, insignificant in comparison to that of 
the respiratory tract in tuberculosis of adults, but very important and considerable in the case 
of young children and infants. In view of the most recent experimental work on the question of 
the presence of tubercle bacilli in milk, butter, and margarine, an apology for again introducing 


this subject, on which much has already been written, is deemed unnecessary. 


TuBercLeE Bacitytr in MILk 


Numerous bacteriological examinations of milk during the last ten years have proved the 
presence of tubercle bacilli in a greater or less percentage ; for example, in Berlin milk, by 
OBERMULLER,| to the extent 61 per cent., and by Perri, also in Berlin milk, only of 14 per 
cent.—using the method of inoculation of animals as the test. Also RasinowirscH and 
Kempner§ found that 28 per cent. of 25 samples of Berlin milk contained tubercle bacilli. 

In the medical officer of health’s report || to the Liverpool Health Committee on the 
question of tubercle bacilli in the milk-supply of Liverpool, 2.8 per cent. of the 144 samples 
collected from sources within the city were proved to be infective by experiments of Professor 
Sims WoopHEAD, Professor Boycr, and Professor DELEriInE ; while 29.1 per cent. of 24 samples 
taken on arrival from parts of Cheshire, Shropshire, &c., at the railway stations were found to be 
tuberculous. Similarly Professor DELEPINE™ reports of the milk-supplies of Liverpool, Manchester, 
and other parts, 5.55 per cent. of 54 samples collected from town dairies; and 17.6 per cent. of 
125 samples of milk from country farms collected at the railway stations proved to be tuberculous. 
Again, milk collected from 16 Cambridgeshire dairies, a sample from each, was reported by 
KanTHack and SLaApEN** to have produced tuberculosis in Guinea-pigs, on inoculation, to the 


extent of 56.3 per cent. of the milk (9 samples). 


* Reprinted from the ‘ Lancet,’ Jan. 20th, 1900. || ‘Report and Brit. Med. Jour.,’ 1897, vol. ii, p. 162. 
“Hygienische Rundschau,’ 1895, No. 19. ‘Brit. Med. Jour.,’ 1898, vol. ii, p. g17. 
ys ’ 95> 9 > 9%, >» Pe 917 
} ‘Arbeiten aus dem Kaiserlichen Gesundheitsamte,’ 1898, vol. xiv. ** The ‘Lancet,’ Jan. 14th, 1899, p. 74. 


§ Rabinowitsch and Kempner : ‘ Zeitschrift fiir Hygiene,’ 1899, p. 137. 
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Professor Boyce, to whom I am indebted for permission to use his results, has carried on 
numerous experiments during the last two years for the Health Committee of the Corporation 
of Liverpool. During the year 1898, 84 samples of ‘town’ milk, of which 7 (=8.3 per 
cent.) proved to be tuberculous on Guinea-pig inoculation ; and 28 samples of ‘railway’ or 
‘country’ milk, of which 5 (= 17.8 per cent.) were infective, were examined ; while during 1899, 
to the end of June, of 75 samples of ‘town’ and 63 samples of ‘railway’ milk, 6.6 per cent. of the 
former and 17.4 per cent. of the latter proved to be tuberculous. These results indicate the 
effects of better sanitation in the cowsheds, shippons, and dairy premises in large towns, as 
compared with country places, enforced by local by-laws, ensuring better ventilation, spacing, 
cleanliness, and regular inspection. 

The consideration of the relation between the presence of tubercle bacilli in milk, and 
the extent of the disease in the animal yielding that milk, adds greater and more important interest 
to the question. “The use of tuberculin for the detection of tuberculosis in cattle seems to be an 
almost infallible test. “The presence of a small tuberculous lymphatic gland has often proved, 
post-mortem, to be the only lesion occasioning the reaction to tuberculin; indeed, some 
investigators are so sure of its infallibility that they assert that, although no naked-eye lesions 
may be detected at the usual examination, a careful search will discover deposits in parts generally 


never looked at 


spinal column, joints, and interior of bones, &c. 

In 1880 BoLiinceR,* by inoculation experiments, found the milk of a Cow with tuberculosis 
of the udder to be infective, as also that of another case of tuberculosis without lesion of the udder. 
Mayt obtained only one positive result with the milk of six ‘graped’ Cows, and Sreinf four 
positive results from 14 ‘graped’ Cows. Banc,§ of Copenhagen, has made numerous experiments. 
The milks from 63 Cows with advanced tuberculosis were proved to be tuberculous only in 
14 per cent. HrRsCHBERGER|| asserts from his experiments (20 cases with 11 positive results) 
that milk may be infective when only a small lesion occurs in the lung. Ernst examined 114 
samples of milk from 36 tuberculous Cows showing no udder leison and 28.57 per cent. proved 
to be infective. Smira and ScHROpER** found the milk infective in 2 cases out of 6 tuberculous 
animals with no udder lesion ; and ScHRODER, later, found the same in two samples of milk from 
31 tuberculous cases. Deteprnett proved the presence of tuberculosis in the milk of 2 cases 
out of 6 which had reacted to tuberculin and showed, clinically, more or less evidence of the 
disease. In these two cases the udders showed lesions microscopically. Later he examined the 


milk of 24 suspicious udders with results shown in his table reproduced :— 


* © Aerztliches Intelligenzblatt,’ 1880, p. 409. q ‘ American Journal of the Medical Sciences,’ November, 

+ ‘ Archiv fiir Hygiene,’ 1883, Band i, p. 121. 1889. 

} Inaugural Dissertation, Berlin, 1884. ** “United States Department of Agriculture, Bureau of 

§ ‘Deutsche Zeitschrift fiir Thiermedicin und Vergleichende Animal Industry :’ Bulletin 3, 1893, p. 60; also 
Pathologie, 1884 and 1891, p. 1. Bulletin 7, 1894, p. 75. 


|| ‘ Archiv fiir Klinische Medicin,’ 1889. +t ‘Journal of Comparative Pathology,’ 1897, p. 192. 
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TABLE SHOWING Resutts oF MILK FROM 24 Cows WHOSE UDDERS WERE SUSPICIOUS 


Producing tuberculosis. | 
ce No. of —_ 
Milk from udders. samples. Actual Percentages. | 
number. pe ore ay ne ee 
A. Certainly diseased ... 10 5 é 50.0 
B. Probably diseased... 9 I List 31-5 
@epElealthy 3.5) aes 5 — _- — 
Total Bch, pias 24 6 — —= 


RasinowITscH and KEMPNER’s* researches were most complete. Fifteen Cows were tested 
with tuberculin giving a distinct reaction. ‘“Chree months later samples of their milk were tested, 
and that of 10 of them (66.6 per cent.) proved to be tuberculous. At the time the milk was taken, 
and previously, clinical examinations of the animals were made, and, in cases of death, post-mortem 
examinations. ‘The results were as follows :—(a) Only one Cow showed distinct tuberculous udder 
lesions clinically (besides lung symptoms) ; her milk (two samples) proved to be infective. (+) One 
Cow showed, microscopically, only tuberculosis of the udder (clinically and post-mortem advanced 
disease of organs); the milk was found to be tuberculous. (c) “Three Cows showed advanced 
general tuberculosis, the udder histologically exhibiting chronic interstitial inflammation without 
tuberculous deposits ; the milk of all three was found to be tuberculous. (¢d) One Cow with lung 
lesions and some emaciation; the milk was found to be tuberculous. (e) One Cow showed 
symptoms of commencing lung lesions ; the milk proved to be tuberculous. (/) One Cow on 
first examination was suspected ; on two subsequent examinations the animal seemed normal ; the 
milk was found to be tuberculous. (g) “'wo animals showed no symptoms on three examinations 
extending over a period of five months, but their milk proved to be tuberculous. (h) Four others, 
three showing clinical signs and one none, gave non-tuberculous milk (four, two, two, and two 
samples respectively). (z) In one other case, exhibiting post-mortem acute and chronic lesions, 
the inoculation experiments on Guinea-pigs failed from the presence of a pathogenic coccus. 
Therefore, omitting the last case, 10 out of 14 animals (71.4 per cent.), all of which had reacted 
to tuberculin, yielded tuberculous milk. More experimental work is evidently desirable ; but one 
must clearly infer from these experiments that any animal which reacts to tuberculin indicating 
lesions which, may be, cannot, even by repeated clinical examination, be detected, is capable of 
giving milk, which will produce tuberculosis in the Guinea-pig on inoculation. 

In contrast to RaBinowirTscH’s results Osrerract concludes, from experiments with the 
milk of 50 animals which reacted to tuberculin but showed clinically no sign of disease, that the 


milk of such animals is absolutely non-infectious for Guinea-pigs. 


* ‘Zeitschrift fiir Hygiene,’ 1889, Band i, p. 145. t ‘Zeitschrift fiir Fleisch- und Milchhygiene,’ 1899, p. 221. 
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Tupercte Baciiyr in Burrer 

it has been proved by many authors that butter made from tuberculous milk was also 
infective ; and by Herm* and Gasperinit that tubercle bacilli live and keep their virulence in 
butter for a period of even 12 days. 

BrusaFeErRO { found virulent tubercle bacilli in 1 sample out of 9; Roru§ in 2 samples 
out of 20 ; SCHUCHARDT|| only in 1 out of 42 samples ; and Groninc4 in 8 (47 per cent.) out of 
17 samples. 

From the results of experiments by RapinowrrscH** it is now doubtful whether the 
animals in the above-mentioned experiments (references 19 to 22) were infected with Kocn’s 
bacillus tuberculosis. She examined 30 samples of butter from Berlin and 50 from Philadelphia, 
and im no single case found bacilli ‘which, by means of culture and the pathological results of 
Guinea-pig inoculations, could be prenounced as identical with Kocn’s bacillus tuberculosis ;’ but 
‘23 samples (28.7 per cent.) produced changes which, both macro- and microscopically, resembled 
those of tuberculosis, but which by more extensive and exact examination could be distinguished 
with ease.’ Other authors have described similar pseudo-tuberculosis organisms ; PErritt in 
milk, Morxier {} in milk, in ‘Timotheus’ grass, and in faeces of cattle. “The characteristics of 
RaBinow!rscu’s micro-organism are as follows :—It is immotile, and in form closely resembles the 
bacillus tuberculosis. The bacilli generally occur singly and are often slightly curved ; but when 
growing rapidly in tissue bacilli are often found lying parallel. Sometimes they form long 
unbranched threads, and sometimes are divided into short pieces. The bacilli are somewhat 
thicker than bacillus tuberculosis and often show a club-shaped swelling on one side. Spores are 
not formed, but one portion of the bacillus stains often more intensely than the rest. ‘The bacilli 
stained by many methods of staining tubercle bacilli cannot be distinguished from the latter ; only 
by the employment of very dilute watery solutions of methylene blue could any distinguishing 
feature be observed, viz., that bacilli from a culture of bacillus tuberculosis stain only at one spot, 
the rest of the bacillus remaining unstained ; while in the case of bacillus pseudo-tuberculosis the 
whole bacillus stains faintly and generally uniformly, seldom showing a more deeply-stained part. 

Cultural differences, however, occur. On agar, the bacilli taken direct from an infected 
animal produce visible colonies on the second or third day. At first the agar surface is covered 
with a thick, moist, creamy layer: in old cultures by a folded membrane often orange- or copper- 
coloured. After repeated passages through animals cultures on agar or glycerine-agar show a dry, 
brittle, crumpled membrane resembling that of bacillus tuberculosis. In plate cultures the deep 
colonies are grey in colour, round or oval, and uniformly granular. On the surface colonies are 
better developed, have a uniformly granular grey centre, and a clear wavy outer zone ; the surface 


of the colony is often dry and conical. On butter-agar in fresh cultures the colonies are small, 


* ¢ Arbeiten aus dem Kaiserlichen Gesundheitsamte,’ q ‘ Centralzeitung fiir Veterinar-, Viehmarkts-, und Schlachthof- 
1889, Band v, p. 294. Angelegenheiten,’ 1897, Nos. 14 and 15. 

+ ‘ Giornale della Reale Societa d’Igiene,’ 1890. ** ¢ Zeitschrift fiir Hygiene,’ 1897, p. 9o. 

} ‘ Giornale di Med. Veter. Prat.,’ 1890, p. 201. tt ‘ Arbeiten aus dem Kaiserlichen Gesundheitsamte,’ 1898, 

§ ‘ Correspondenzblatt fiir Schweizer Aerzte,’ 1894. Band xiv. 


|| ‘ Inaugural Dissertation,’ Marburg, 1896. tf ‘ Therapeutische Monatshefte,’ November, 1898. 
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white, and dry, later spreading over the whole surface and becoming yellow or copper-coloured. 
On potato a luxuriantly-growing, moist, grey layer is formed. In gelatine growth proceeds very 
slowly at ordinary room temperatures, colonies becoming visible on the 3rd day. In broth, and 
especially in glycerine broth, growth is rapid, forming in 2 or 3 days a folded membrane on the 
surface, the broth remaining clear, the culture closely resembling that of bacillus tuberculosis. 
Broth cultures are distinguishable from those of bacillus tuberculosis by their characteristic odour, 
being unpleasant and ammoniacal ; that of bacillus tuberculosis being agreeable and resembling the 
odour of flowers. A small quantity of indol is formed in broth cultures, which is not so in bacillus 
tuberculosis cultures. Milk is not coagulated, and on the surface is an abundant yellowish-red 
layer which clings firmly to the glass. On albumin-free colourless media a growth appears in 2 or 
3 days, becoming in 10 days a thick yellow folded membrane ; bacillus tuberculosis in the same 
time on such media forming a thin layer just covering the surface and just beginning to fold. 
The presence of fat in these bacilli can easily be demonstrated as in the case of bacillus 


tuberculosis. 


PaTHOGENIC PRopERTIES OF BaciL_Lus PskUDO-TUBERCULOSIS 


The following are the post-mortem appearances observed in a Guinea-pig killed three or 
four weeks after intraperitoneal injection of butter containing the bacillus pseudo-tuberculosis. 
There is a slightly distended abdomen ; also peritonitis, with adhesions varying in nature from 
delicate fibrinous bands to firm connective tissue. “The peritoneum and mesentery are studded 
with nodules. “The mesenteric glands are swollen and may contain purulent or caseous matter. 
The liver is covered with nodules and patches which may be raised above the liver substance or 
may penetrate into the liver parenchyma. ‘The spleen is sometimes only enlarged, at other times 
thickly studded with nodules. ‘The kidneys show yellowish patches. “The lungs are covered 
with small transparent nodules which do not penetrate into the lung tissue. The sternal 
lymphatic glands are swollen, but show no caseation. Numerous bacilli can be demonstrated in 
these lesions. Many animals after injection show considerable signs of illness during the first 
14 days with diminution in weight and then recover. Pure cultures of this bacillus are 
only pathogenic for Guinea-pigs (but not always) ; Rabbits and white Mice are immune. After 
intraperitoneal inoculation of Guinea-pigs some die in from 4 to 8 weeks with considerable 
emaciation and show the following post-mortem appearances ; others survive. At the seat of 
inoculation there is a purulent infiltration containing the characteristic bacilli; also peritonitis. 
varying in intensity from a flocculent fibrinous exudation to strong connective tissue adhesions, 
The mesentery is studded with small nodules; the glands are enlarged but not caseating ; there 
are patches on the liver, and miliary nodules throughout an enlarged spleen. “The thoracic cavity 
and organs are often almost exempt from lesions. Infected animals do not react to tuberculin. 
Histologically the nodules in the liver and spleen consist of a collection of lymphoid elements 
with but very few epithelioid and multinuclear cells. The bacilli are found in the middle of a 
young nodule, towards the periphery if caseation has commenced. ‘The typical giant cells of 


tuberculosis do not occur. More often—especially after inoculation with butter containing the 
* 
E 
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pseudo-tuberculosis bacilli—the nodules appeared to consist of a central necrosed portion sur- 


rounded by leucocytic infiltrated area. 


‘TuBercite Bacitit in MARGARINE 

Margarine was first prepared by M. Mecr Mourigs. In his process 1,000 kilogrammes of 
ground fat from freshly slaughtered cattle is mixed with 300 kilogrammes of water, one kilogramme 
of potassium carbonate, and two sheep’s or pig’s stomachs cut into pieces, and is heated at 45° C. 
by steam for 2 hours. The fat rises and, after being skimmed, is run off and heated at from 30° 
to 40° C. with 2 per cent. of salt, the clear fat being then poured off from the sediment and cooled 
at from 20° to 25°C. The granular solid product is cut into pieces, packed into linen, and 
exposed to hydraulic pressure at about 25° C., with the production of a solid cake of stearin and a 
liquid oleomagarine, which is passed through cylinders and washed by a shower of water. Of 
the melted oleomargarine 50 kilogrammes are mixed with 25 litres of cow’s milk and 25 
kilogrammes of water in which has been macerated 100 grains of finely ground mammary gland 
of the cow. Annatto is added and the whole churned for about 2 hours, and the product kneaded 
and washed. 

In the method employed in the United States, Austria, and some parts of Germany, pepsin 
is not added, the orginal finely-ground fat being subjected to a temperature below 50° C. for some 
time. “The oleomargarine is mixed with sour milk and a small quantity of bicarbonate of soda and 
annatto and is churned. After about 15 minutes it is cooled in ice and then kneaded to eliminate 
the water, then returned with more sour milk, and is ready for sale. In Holland the oleomargarine 
is melted at about 50° C., and is mixed with the requisite amount of milk and of the best Kampen 
butter and earthnut (arachis), and other oils (cotton, palm, cocoanut, &c.), to lower the melting- 
point to that of butter. “The Kampen butter is prepared specially for this manufacture from an 
unskimmed mixture of milk and cream, and is preferred on account of its powerful flavour which, 
though unpleasant alone, imparts a pleasant flavour to the margarine. 

Hence margarine may be infected in three ways—(1) from the original cattle (tubercle 
bacilli survive even a temperature of 55° C. for almost 4 hours); (2) from the butter and milk 
added; and (3) from contamination during manipulation (phthisical workmen, &c.). Few 
researches as to the presence of tubercle bacilli in margarine had been done before the year 1899. 
MorGEnnoru,* of the Hygienic Institute, Berlin, early last year examined 20 samples of margarine 
and in g cases proved the presence of virulent tubercle bacilli of KocH—a very large percentage 
(45 per cent.). 

In October, 1898, in Berlin, I commenced researches on this question. ‘Thirty-six samples 
of margarine were collected from shops in different parts of Berlin. “Two Guinea-pigs received 
5 cubic centimetres each from each sample intraperitoneally, the margarine having been just 
melted at from 45° to 50° C. and injected semi-fluid. Of the 36 samples, 21 caused death of both 
Guinea-pigs inoculated within 10 days; 9 others caused the death of 1 only of the pair— 


from peritonitis or septicamia So that 15 samples only could be considered, 9 with 1 animal each, 


* ¢Hygienische Rundschau,’ November, 1899. 
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6 with 2. These were all killed some 8 or 10 weeks after inoculation ; but with 1 sample only, 
and that in both the Guinea-pigs injected, could there be found any lesion indicating the presence 
of tubercle bacilli. In these were nodules on the mesenery containing caseous material ; enlarged 
purulent mesenteric glands; the intestines and organs were adherent to each other and to the 
abdominal wall; the liver was enlarged and studded with several dirty yellow patches penetrating 
into the liver tissue ; the spleen was adherent but apparently normal (it was enlarged in one case) ; 
and the lungs were dotted on their surfaces with small transparent nodules. The lymphatic 
glands and nodules on the liver contained bacilli in large number, staining by ZrEH1-NIeELsEN’s 
method. Cultures failed because of rapid overgrowth of accompanying micro-organisms. 
Subcutaneous inoculation into Guinea-pigs from the lymphatic glands and liver nodules gave rise to 
abscesses which evacuated and healed, bacilli staining by ZirHi-Nietsen being demonstrated in 
the pus. “These animals, killed some weeks after, showed no further lesion. In sections of the 
nodules in the organs of the original Guinea-pigs the typica/ tuberculous characteristics (giant cells 
and epithelioid cells) failed. “here lesions were therefore probably occasioned, not by Kocn’s 
bacillus tuberculosis, but by an organism identical or similar to that described by RaBinowirscH 
and detailed above. 

In Liverpool, early in 1899, the experiments were continued with 13 samples collected 
from various shops in the city. Subcutaneous inoculation was practised, 2 Guinea-pigs for each 
sample. In this case only 2 Guinea-pigs died within 10 days ; so that 2 samples had only 1 animal 
each. Out of these 13 samples only 1 proved to be tuberculous, the Guinea-pig exhibiting, post- 
mortem, the typical characteristic, both macro- and microscopically, of real tuberculosis. 
Inoculations from the lesions subcutaneously were followed by typical tuberculosis in Guinea-pigs. 
Thus, out of a total of 28 samples, 15 of Berlin and 13 of Liverpool margarine, only one proved to 
contain virulent bacillus tuberculosis of Koc, and that in a sample from the latter city. 

I wish to take this opportunity of thanking my late colleagues at Professor Kocn’s Institute 
for their great courtesy and kindness towards me during the 18 months when I worked among 
them, and particularly Professor Kocu, Professor PFEIFFER, Professor BRrirGER, and Professor 


Froscu for their help and advice during my researches. 
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From the Pathological Laboratory, University College Liverpool. 


The following are briefly the results we have obtained from a year’s constant examination 
‘of the Liverpool waters. The conclusions we have arrived at tend largely to support those arrived 
at by Professor MarsHatt Warp in his fifth report to the Water Research Committee of the 
Royal Society. Our observations are based upon 400 analyses. 

The sources of the waters examined are the following :—(1) ‘he Streams and Lakes of 
the Watershed ; (2) the water of the Reservoirs before filtration ; (3) the water of the Reservoirs 
after filtration ; (4) the water in the Mains and Service Reservoirs; (5) the water in the Dead 
Ends ; (6) the water in the Wells ; (7) the bacteria present in the Sand of the filter beds. 

The water has always been collected in small sterilized bottles, or in vacuum bulbs, which 
have been broken under the surface of the water. Plate cultures on gelatine and agar-agar were 
made as soon after collection as possible, and in most cases on the spot. 

Photographs were prepared of all the characteristic plate cultures, and it is hoped these may 
serve to aid in the more rapid identification of colonies. ‘The photographs showed clearly that 


different bacterial floras exist for different localities. 


_ RESULTS 


1. Water in Rivulets of Watershed—There is a marked preponderance of the Baci/lus 
fluorescens liquefactens. 

2. Water of Reservoirs before filtration—TVhere are considerable numbers of liquefying 
bacilli, namely, B. fluorescens liquefaciens, B. luteus liquefaciens, and the Proteus group. 

3. Water of Reservoirs immediately after filtration.—TVhere is a marked elimination of 
the liquefying forms ; the chief forms present being exceedingly slow-growing forms, and consisting 
of non-liquefying cocci and bacilli, chromogenic and non-chromogenic. It is probable that many 
of these forms are derived from the sand in the process of filtration, and are more especially water 


bacteria. 


* Reprinted from the ¢ Journal of Pathology and Bacteriology,’ May, 1899. 
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4. Water in the Mains and Service Reservoirs after filtration—The three principal 
liquefactive groups mentioned above again make their appearance; the B. fluorescens being in 
excess over the other two. 

5 Water in the Dead Ends.—There are almost pure cultures of various groups of bacteria ; 
thus, in one case, the B. violaceus largely predominated ; in another case, a very beautiful iridescent 
bacillus; in a third, a white liquefying organism giving rise to a pearl-like appearance in the 
gelatine. 

6. Water in the Wells-—Our investigations so far show chiefly slow-growing, non- 
liquefactive types. 

7. The bacteria present in the Sand of the filter beds.—In addition to the slow-growing 
bacteria previously mentioned, the B. ramosus and B. violaceus were constantly found. 

In addition to the bacteria proper we have isolated a very characteristic group of higher 
forms, allied to the streptothrix and saccharomyces, and other forms of fungi, which produce 
various pigments, such as dark brown, pink, and white, and which emit a very characteristic and 
pungent odour, recalling the smell of damp cellars. In addition to photographing the plates, all - 
the new colonies ‘were isolated and inoculated on the various media, and their action studied 
on glucose gelatine, in broth, and in milk. 

We have thus formed a living herbarium, which at present numbers 115 specimens, 
although some of these may be found to be duplicates showing slight variations. We consider 
that the grouping adopted by Professor MarsHatt Warp to be far more satisfactory than trying 
to identify the bacteria with the innumerable forms described in various text-books. 

In the following classification we have adopted the group numbers of Professor MarsHALL 
Warp, having been readily able to identify these, and we have added some extra groups to 
include types not described in his list. 

Group 2.—Bacilli producing a violet pigment—Seven members of this group were studied in detail. 
They all produce a blue pigment, varying in intensity from a light blue amethyst to a deep bluish-black, 
which is developed only after several days’ incubation. After prolonged subculture in the laboratory they 


tend to lose their power of pigment production, and to become white. ‘The optimum temperature is about 
20° C. No growth takes place at 37° C. 

On gelatine their liquefactive action varies, and is, as a rule, limited and slow. In milk they grow 
readily, and produce the characteristic pigment ; the medium becomes slightly acid, and in some instances 
a pellicle forms on the surface. ‘The casein is not precipitated. 

In glucose gelatine no gas is produced. In peptone salt solution the pigment is produced, and often 
a pellicle on the surface. No formation of indol was noted. 

Group 3.—Fluorescent liquefying bacilli—Six members of this group were studied in detail. 
They are distinguished by their smell and rapid liquefactive action on gelatine, and the formation of a 
greenish fluorescent pigment on agar and gelatine. ‘They grow readily at all temperatures between 20° 
and 38° C. The casein in milk is rapidly precipitated, and subsequently completely peptonized with 
a slightly acid reaction. In glucose gelatine no gas is produced. In peptone salt solution they grow 
readily ; no indol is produced. 

Group 4.—Flwrescent non-liquefying bacilliSix members of this group were studied in detail. 
They show a marked resemblance in many details to the previous group, and may be merely an enfeebled 
form of that species, more especially as the power of liquefying gelatine is often regained on subculture, 
though entirely absent on isolation. 
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Group 5.—Colourless non-liquefying bacilli Twenty organisms were isolated and studied in detail 
which could be referred to this heading. With one exception all showed variations from the typical 
cultural characteristics and reactions of the colon bacillus. For instance, many of them were incapable of 
precipitating casein in milk, though acidifying the medium ; only about half the number were able to 
produce gas in glucose gelatine, but one formed indol in peptone salt solution. They all grew readily on 
gelatine, without liquefying it, and on potato formed a well-marked yellowish growth. 

Group 6.—Common Proteus type.—Six forms were isolated and studied. One of the most marked 
features of this group, besides the ‘ wandering islets,’ is the putrid smell produced by growth in milk and 
broth. Gelatine when liquefied by their action also acquires a sour odour. We have observed no 
variability in the liquefying power. Milk, as a rule, is acidified, and the casein precipitated and 
peptonized. The formation of gas in glucose gelatine is not constant. 

Group 7.—The yellow Proteus type.—Six forms were isolated and observed. They were closely 
allied to the last group, and only differ in that they form a well-marked yellow pigment. 

Group 8.—A group which may be identical with Ward's Group 8.—Bacilli, forming irregular colonies 
of a beautiful iridescent appearance. ‘Two members of this group were isolated for observation. ‘They 
slowly liquefy gelatine. On agar and potato they form a yellow pigment. ‘The casein in milk is pre- 
cipitated and peptonized with a faintly acid reaction. No gas is formed in shake cultures. No action on 
broth. They resemble in many particulars the preceding and the following group. 

Group 9.—Golden-yellow liquefying bacilliiSeven organisms were isolated and studied in detail ; 
they differ in rapidity of liquefaction, but all form a golden-yellow pigment, and closely resemble Group 7 
—the yellow Proteus type—in their action on milk and glucose gelatine. 

Group 10.—Golden-yellow non-liquefying bacilli—F¥ive members of this group were isolated for 
observation. ‘They are slow-growing forms, and are probably, as MarsHatt Warp suggests, weakened 
varieties of the previous group, as their liquefactive action is frequently regained on subculture, while their 
behaviour in milk is not constant. 

From our observations on Groups 6 to 10 inclusive, we are in agreement with Professor MarsHaLi 
Warn’s conclusions, namely, that these are merely varieties of one or two species, and that it is impossible 
to draw any hard-and-fast distinctions between the several groups. 

Group 13.—Bacilli producing a crimson pigment.—Two forms of this type were isolated and studied 
in detail. Cultures have a crimson-red metallic sheen with a marked trimethylamine smell. Gelatine is 
rapidly liquefied. No loss of liquefying power was observed. ‘The casein in milk is precipitated and 
peptonized with an acid reaction, whilst later the tube contents acquire a crimson hue. In glucose gelatine 
gas is produced in forty-eight hours, whilst broth acquires a marked crimson tint. 

Group 15.—Bacilli conforming to the type of B. subtilis.—Thirteen organisms were isolated and kept 
under observation. From their study we have come to the conclusion that it is impossible to distinguish 
between the ‘hay bacillus’ and the ‘potato bacillus’; they are probably varieties of the same species. 
Under this heading we have included also well-known types, such as B. ramosus and B. megaterium, which 
from their behaviour on subculture conform closely to this type. 

The liquefactive action on gelatine is fairly constant, though some members tend to lose it on 
prolonged cultivation. The formation of a pellicle on the liquefied gelatine and in peptone salt solution 
is a distinguishing feature. 

The wrinkled growth on potato is common to all the members of this group, and cannot be relied 
upon to differentiate them. 

In milk the casein is rapidly precipitated and peptonized with the formation of varying degrees of 
acidity. ‘The formation of gas in glucose gelatine is rarely observed. 

Group 16.—Sarcine forming a yellow pigment.—Two varieties were isolated and kept under 
observation. Members of this group produce a yellow pigment of varying intensity, which tends to 
decrease on prolonged subculture. The liquefactive action on gelatine varies considerably, as does their 
peptonizing action on milk. The true sarcina form of this group is not always maintained. 

Group 19.—Non-chromogenic micrococci. —Eleven organisms were isolated and studied in detail. 
Both liquefying and non-liquefying forms were met with, but this property is not constant, and in fact 
was found to be interchangeable. ‘The microscopical appearances show wide differences, some members 
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closely simulating a yeast, others streptococci ; but these forms are not constant, and tend to disappear on 
prolonged subculture. Some forms have a peptonizing action on milk, but others are of so feeble a growth 
that no change takes place. 

In addition to the above we have isolated organisms which we have been unable to classify under 
any of Professor MarsHatt Warp’s groups. We have found it necessary, therefore, to include them under 
a fresh grouping. ‘These are the following :— 

Group A.—Chromogenic micrococci—These differ from his Group 17 in that they form a marked 
yellow pigment of varying degrees of intensity. ‘They are very common. We have studied 16 forms in all. 
Their liquefactive action on gelatine, like that of Group 1g, is not constant, some losing it on prolonged 
subculture, others regaining it. Many of them are feebly-growing forms, especially on potato, and have a 
tendency to become non-chromogenic. A few are capable of peptonizing milk. None of them were 
found to be capable of producing gas in glucose gelatine. 

Group B.—In addition there is the very characteristic group mentioned above, allied to the 
cladothrix, streptothrix, saccharomyces, and other fungi, of which we have isolated 5 examples. These 
produce varying coloured pigments—such as dark brown, pink, and white—and a most pungent odour, 
recalling the smell of a damp cellar. ‘They all produce liquefaction of gelatine, and an acid reaction in 
milk, but no gas in glucose gelatine. On potato white chalky growth forms, having the characteristic 
smell, and an appearance like bird excrement. 


Group C.—Lastly, we have isolated a pure yeast form, which produces a pink colour and liquefies 
gelatine, whilst precipitating the casein in milk with an acid reaction. It does not produce gas in glucose 


gelatine. 


PARLIAMENTARY POWERS 


FOR THE SANITARY SUPERVISION AND CONTROL OF ICE-CREAM 
MANUFACTURE* 


By E. PETRONELL MANBY, M.D., D.P.H. 


Assistant Mepicat Orricer oF Heatru, Liverpoot, Lecrurer In Pupric HEALTH, 
Universiry CoLiEGE LivERPOOL 


That the manufacture and storage of ice-cream is, as a rule, carried out under very 
insanitary conditions is no new fact. The question of interest to Medical Officers of Health is 
how these conditions, so prejudicial to health, can be improved. The subject has been discussed 
on more than one occasion at one society or another, and resolutions condemning the present state 
of affairs and urging the granting of controlling powers to Health Authorities have been passed. 
As far as I am aware, however, Liverpool is at present the only Local Authority in England 
which has obtained such Parliamentary powers. Perhaps, therefore, it may be of some interest to 
you to hear what those powers are, and our experience of the first year’s working under them. 

Several outbreaks of typhoid fever, apparently due to contaminated ice-cream, have been 
reported of late years. 

A full account of such an outbreak appeared in Dr. Hopr’s Annual Report on the Health 
of Liverpool for 1897, and I will only very briefly mention the points here. 

All the patients were children of school age, and all attended the same school. 

Possible sources of infection at the homes of the patients were excluded, and attention was 
of course at once directed to conditions of the school, but everything was found satisfactory there. 

The period of illness of the various patients indicated the end of the first week in 
September as the probable date of infection. 

Inquiry elicited the fact that a village fair had been held in Knotty Ash, a suburb of 
Liverpool, on September 6th and 7th, and that every one of the children suffering from typhoid 
had visited the fair. An ice-cream and chip potato vendor was present, and all the children but 
three admitted that they had partaken of his ice-cream. Of these three two had eaten only chip 
potatoes and no ice-cream, and the other was too young and too ill to give any account of its 
proceedings. 

It was then discovered that two children living at New Brighton (7.e., some miles from 
Liverpool on the other side of the Mersey), but who had been at the Knotty Ash fair and eaten 
the ice-cream there, were lying ill at home with typhoid fever, and a few days later identical 


information was received with reference to a school boy at Denbigh. 


* Reprinted from the ‘ Journal of the Sanitary Institute,’ vol. xx, part iv. 
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These children had not attended, nor had they even entered, the Knotty Ash school. 

Instructions were issued to the Sanitary Inspectors to visit every ice-cream establishment 
within the municipality of Liverpool, to ascertain whether or no any person in connection with 
them had been to the Knotty Ash fair, and if any sickness existed at their houses about 
that time. 

The result of this investigation brought to light the fact that a certain Italian vendor of 
ice-cream and chip potatoes had been at the fair, and had his wife sick in the house at the time : 
which sickness proved to be typhoid fever. It was the second case in the house, the first having 
been notified and removed to hospital on August 11th. 

‘That, therefore, was as far as we could get : no bacteriological examination of the ice-cream 
supposed to be the cause of the outbreak being possible at this distance of time. I think, however, 
you will agree with me that the chain of evidence was as complete as it was possible to be. ‘The 
premises of the Italian were kept in a dirty state, and knowing the habits of these people, we can 
easily imagine how the ice-cream became infected. 

Professor Boyce, the Corporation Bacteriologist, examined a sample of ice-cream from the 
shop of this Italian, and his report on it, as on many other specimens afterwards taken in various 
parts of the town was, ‘teeming with bacteria. Infinitely worse than ordinary milk which has 
stood for some time.’ Professor Boyce adds: ‘Some of the colonies grown on agar closely 
resemble forms which I have obtained from samples of sewage.’ 

In due course Dr. Hope reported to the Health Committee that ‘the conditions of this 
Italian’s premises may be taken as typical of the conditions existing in many places where ice- 
cream is made for hawking in the streets. Powers for the registration and supervision of such 
places are urgently needed. In the meantime, inasmuch as milk is an ingredient in the 
manufacture, the places where ice-cream is made will be dealt with in exactly the same manner as 
places where milk is sold.’ 

An omnibus bill for Liverpool was about to be laid before Parliament, and in it powers for 
licensing the persons selling, and registering the premises used for the manufacture, storage, and sale of 
ice-cream and similar commodities were asked for. 

For some reason the House of Commons Committee did not seem to view these 
proposals with favour. Many objections were raised, but in the end the clause approved of by 


the Committee and passed by Parliament was as follows :— 


‘ 22.—(1) Any person being a manufacturer of or merchant or dealer in ice-creams or 


other similar commodity who within the City--- 


(a) Causes or permits ice-creams or any similar commodity to be manufactured sold or 


stored in any cellar or room in which there is an inlet or opening to the drain ; or 


(4) In the manufacture sale or storage of any such commodity does any act or thing 
likely to expose such commodity to infection or contamination or omits to take 
any proper precaution for the due protection of such commodity from infection or 


contamination ; or 
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(c) Omits on the outbreak of any infectious or contagious disease amongst the persons 
employed in his business to give notice thereof to the Medical Officer of Health for 
the City : 

shall be liable for every such offence on summary conviction to a penalty not exceeding forty 
shillings.’ 

The clause, though good as far as it goes, does not, it will be seen, give the Local 
Authority power to license the vendor as in the case of the Dairies and Cowsheds Order, nor to 
register the premises as in the case of the Liverpool Improvement Act, 1867, nor does it provide 
powers of entry for the purposes of inspection, &c. 

At the same time, although there is no compulsion to be registered, the power possessed by 
the Health Authorities is really very little affected by this omission. 

If the premises had to be registered, the Health Department would not do this unless the 
arrangements were satisfactory. At present, if the people apply, and are told their premises are 
unsuitable, or even if they make no application, if the Health Authorities consider that they are 
unsuitable, without further trouble an information can be laid, and proceedings taken under Section 
32 of the Act. We usually warn the people once or twice to desist from carrying on the manu- 
facture, and then, if they persist, we lay an information in the ordinary course. Soon, however, 
when the provisions of the Act become generally known, this ‘warning’ will not be necessarily a 
preliminary to legal action. 

The Liverpool Corporation Act, 1898, of which we are speaking, received the Royal assent 
on August 12th, 1898. 

Since that date to August 12th, 1899, 319 persons have applied directly or indirectly to the 
Health Department for permission to sell ice-cream ; 56 persons have been told that, owing to 
unsuitability of premises, &c., they should make other arrangements. 1,600 visits have been 
paid by the two Inspectors who look after this work. ‘Three informations have been laid, two 
cases heard before the stipendiary magistrate, and two convictions obtained with fines of 20s. and 
40s. respectively, and costs in each case. One case was withdrawn. 

The stipendiary has in each case pointed out the serious character of the offences, remarking 
once that the best punishment for the defendant would be to make him live on his own ice-cream 
for a time. 

We have not thought it requisite to make any special regulations for the ice-cream trade. 
We regard it as a form of milk-selling, and carry out the new regulations applicable to that 
business made by the Corporation of Liverpool in 1897. 

The procedure of the Health Department is briefly this :—‘The address of the premises 
being secured—whether by the occupant applying to the Health Office, or from information 
obtained in other ways—a visit is paid by one of the Inspectors, and a report is made of present 
conditions, and the possibility or otherwise of adapting the premises for the purpose intended, also 
of the repairs, cleaning, &c., required. 

If necessary Dr. Hops or I then visit the premises, and the occupier is afterwards formally 


told whether they are or are not suitable. 


44 THOMPSON YATES LABORATORIES REPORT 


A large amount of ice-cream is, of course, sold in shops supplying sweets, mineral waters, 
and other refreshments throughout the City. Most of these are already registered as milkshops, 
are under constant supervision, and, as a rule, require very little doing to them before commencing 
or continuing the sale of ice-cream. 

Besides these, however, there are two other classes of manufacturers and vendors :— 

(1) Large businesses for the wholesale manufacture of the material for supplying, for 
example, passenger steamers, hotels, and the like. 

(2) Small traders, mostly, though by no means only, Italians, who as a rule manufacture 
and store the ice-cream and the ingredients of which it is composed under grossly insanitary 
conditions. Some of these traders have only a barrow trade; others do that and a retail shop 
business too—often combining the sale of fried fish and chip potatoes with that of ice-cream and 
other ‘ delicacies.’ 

With regard to these two classes, our aim has been to get the large manufacturer either to 
make his present premises thoroughly sanitary, or, failing that, to take new ones. In the case of 
the small trader, to get him to combine with others in the same business and to take some suitable 
building where they can all manufacture and store their ice-cream, instead of using their own 
houses. 

In a very large number of cases this has taken place, but where for personal or other 
reasons a trader prefers to keep his business entirely to himself, he must then strictly conform to 
the regulations. 

In conclusion, I would venture to suggest that pending the passing of a general Act 
preventing the manufacture and storage of ice-cream under insanitary conditions, for which Act 
I fear we shall have to wait a long time, each Local Authority in whose district any considerable 
trade of this kind exists should apply for Parliamentary powers on its own account on the lines of, 
and, if possible, better than those granted by the Liverpool Act of 1898. 

The reader of the paper concluded by describing and exhibiting plans ot two typical 
premises where ice-cream was being manufactured under insanitary conditions, and of the buildings 
to which the offender in each case moved, as a result of the representation of the Health 


Department. 
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Being a Paper read in the Section of State Medicine at the Sixty-seventh Annual Meeting of the 
British Medical Association held in Portsmouth, August, 1899. 
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INTRODUCTION 


I am well aware that little that is new can be said on this subject. It has been discussed 
on many occasions and in many places. Why, therefore, should one tell again a twice-told tale ? 
I will give you at once the reason I have in mind in bringing the subject before the State 
Medicine Section of the British Medical Association. 

- It is because at a great gathering like the annual meeting very many medical men are 
present whose direct connection with public health work is slight. ‘That is to say, the majority 
of them are not medical officers of health—a condition the reverse of what obtains at sanitary 
congresses. So that, either at the meeting itself, or through the medium of our valuable ‘ Journal,’ 
one is to some extent addressing an audience many of whom, perhaps, have not fully considered 
the subject of meat inspection, nor the need in England for improvement in such inspection. 
Now these medical practitioners are in touch with thousands of thinking men and women 
throughout the country, and have infinite powers of forming and influencing public opinion on 
health questions, if they will only use them—powers far greater, perhaps, than they recognize. 

The medical officer of health is primarily concerned with his health committee, and cannot, 
except secondarily, influence private individuals. “he health committee may approve the reports 
of their medical officer, and the town council may confirm the views of the health committee, but 
behind and far above both is the central governing body of the country—Parliament—which ts 
not always influenced—I say it in all humbleness—by the opinion of experts, but by its master, 
the ‘free and independent elector.’ 

No great reforms, sanitary or otherwise, are brought about in this country by a stroke ot 
the pen of a high official. “They come by the educating of public opinion. Let us, then, lose no 
time in educating public opinion aright on this meat question; for as an evidence of educating 
power misdirected—-that is perverted education-—the recent action of Parliament with regard to 


vaccination will occur to every one of us. 


* Reprinted from the ‘British Medical Journal,’ Sept. 2nd, 1899. 
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All this, no doubt, is simply a statement of truisms; but what is it that the medical 
practitioners of the country can do in the way of bringing about an improvement in our system 
of meat inspection, and in the conditions under which animals intended for human food are 
slaughtered? It is by continually impressing on their friends and patients, influential and 
otherwise, for we all have votes nowadays, the need—the pressing need—in this country for 
improvement in the system. The abolition or private slaughterhouses, where only too often meat 
is prepared and kept under grossly insanitary conditions, and the substituting of public slaughter- 
houses under municipal control, being the only satisfactory means of attaining the desired end. 

(2) ‘he Commission reported on this question as follows :— 

In favour of this view I may here quote from (a) the Report of the Royal Commission on 
Tuberculosis ; (6) the Report of the Public Health Committee of the London County Council, 
July, 1898 ; (c) the recently published Harben Lectures of the Medical Officer of the Local 


Government Board, Sir Richard Thorne. 


1. We recommend that in all towns and municipal boroughs in England and Wales, and in 
Ireland, powers be conferred on the authorities similar to those conferred on Scottish corporations and 
municipalities by the Burgh Police (Scotland) Act, 1892—namely : 

(2) When the local authority in any town or urban district in England and Wales and Ireland 
have provided a public slaughterhouse, power be conferred on them to declare that no other place within 
the town or borough shall be used for slaughtering, except that a period of three years be allowed to the 
owners of existing registered private slaughterhouses to apply their premises to other purposes. 

(4) That local authorities be empowered to require all meat slaughtered elsewhere than in a public 
slaughterhouse, and brought into the district for sale, to be taken to a place or places where such meat may 
be inspected ; and that local authorities be empowered to make a charge to cover the reasonable expenses 
attendant on such inspection. 

(c) That when a public slaughterhouse has been established, inspectors shall be engaged to inspect 
all animals immediately after slaughter, and stamp the joints of all carcasses passed as sound. 

2. It appears desirable that in London the provision of public in substitution for private slaughter- 
houses should be considered in respect to the needs of London as a whole, and in determining their 
positions regard must be had for the convenient conveyance of animals by railway from markets beyond 
the limits of London, as well as from the Islington market, to the public slaughterhouses which should be 
provided. At the present time no administrative authority has statutory powers authorizing it to provide 
public slaughterhouses other than for the slaughter of foreign cattle at the port of debarkation. 

3. With regard to slaughterhouses in rural districts the case is not so easy. But the difficulty is 
one that must be faced, otherwise there will be a dangerous tendency to send unwholesome animals to be 
slaughtered and sold in small villages where they will escape inspection. We recommend, therefore, that 
in Great Britain the inspecticn of meat in rural districts be administered by the county councils. 

4. We recommend that it shall not be lawful to offer for sale the meat of any animal not killed in 
a duly licensed slaughterhouse. 


(6) The Public Health Committee of the London County Council in July, 1898, 
submitted a report to the Council in the following terms :— 


(2) That in the opinion of the Council it is desirable that, as a first step towards ensuring the 
proper inspection of meat, private slaughterhouses should cease to exist in London, and that butchers should 
in substitution be afforded such facilities as are necessary for the killing of animals in public slaughterhouses 
to be erected by the Council. 

(4) That a copy of this report and of the Council’s resolution thereon be sent to the Local 
Government Board, with an intimation that the Council is prepared to accept such responsibilities as may 
be necessary to give effect, in London, to the recommendations of the Royal Commission on ‘Tuberculosis ; 
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and that the Board be asked whether they will include in any legislation introduced by them in con- 
nection with the Royal Commission’s Report the provisions which would be necessary for this purpose. 


The Council, however, owing no doubt to the powerful opposition of the Meat and 
Cattle Trade Associations, has shelved the matter for the present. 
(c) Sir Richard Thorne says :— 


How is the very proper demand of the butchers for uniformity in the conditions regulating the 
seizure of carcasses on account of tuberculosis to be met? How is such skilful handling of slightly 
tuberculous carcasses to be attained as will secure the removal of the diseased portions in such a way that no 
risk shall attach to the remainder? I only know one answer, namely, by the abolition, as far as practicable, 
of private slaughterhouses, by the provision in all large centres of population, whether technically styled 
urban or rural, of public slaughterhouses under the direct control of the sanitary authorities and their 
officers, and by the adoption of measures which will, as soon as practicable, provide a class of skilled meat 
inspectors, 

The properly administered public slaughterhouse is demanded as an act of justice to those trading 
in meat ; it is demanded in the interests of public health and decency ; it is demanded for the prevention 
of cruelty to the lower animals, and it is demanded in order to bring England, if not the United Kingdom, 
somewhat nearer to the level of other civilized nations in this matter......... 

Public slaughterhouses, officered by skilled inspectors, and supervized by medical officers of health, 
are urgently required, amongst other reasons, for the prevention of tuberculosis in man. 


PRIVATE SLAUGHTERHOUSES 


It is obvious to anyone how inefficient meat inspection must be where there are a large 
number of private slaughterhouses in a town. The occupiers naturally slaughter at times to suit 
their own convenience, and not that of the inspector. In Liverpool, with a population of 
668,000, we have, besides an abattoir owned by a private company, only 30 private slaughter- 
houses, and we have five meat inspectors who devote their whole time to the work. But in 
smaller places where there are perhaps many more slaughterhouses and no special inspectors, meat 
inspection becomes very often practically a dead letter. One remedy suggested for this state of 
things is to increase the number of meat inspectors, as being cheaper than closing all private 
slaughterhouses and building municipal ones. Cheaper it would be, of course, and better than 
the present conditions, but how far behind the methods adopted, for example, in Germany. 

And even if, as has been suggested, one inspector to every ten slaughterhouses be appointed, 
the question of insanitary conditions under which slaughtering takes place in many private 


slaughterhouses would not be remedied, though it might be improved. 


REGULATIONS IN FOREIGN COUNTRIES 


Both in arrangements for slaughtering and in meat inspection, England is very far behind 
when compared with continental countries, as those of us who have studied the subject in Berlin, 
Leipzig, and other places know well. In these towns well-managed municipal slaughterhouses 
exist—all private ones have been abolished ; and all meat, whether killed at the abattoirs or 
imported, must be inspected and stamped by competent inspectors before being sold. In Germany 
laws were passed in 1868, 1876, 1879, and 1881 dealing directly with the question of the provision 
of public slaughterhouses, the prohibition of the erection of private slaughterhouses, and other 


matters connected therewith. These are the general slaughtering acts, and when the town 
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council of a place desire to apply them to their own town they obtain a local act giving them 
the necessary powers to build public slaughterhouses, close private ones, make regulations for 
the examination and stamping of meat, etc. 

In Leipzig, for example, which possesses one of the most modern abattoirs in Germany : 

1. No private slaughterhouses exists. 

2. All slaughtering is carried on in the public slaughterhalls under sanitary surroundings, 
and the work of meat inspection is enormously facilitated thereby. 

3. All meat brought into the town has to be taken to the central office for inspection 
before being sold. 

4. Microscopical and other examinations of meat are carried out. 

5. All meat passed as sound is stamped in several places with the official stamp showing 
that it is fit for human food. 

6. Bad meat is taken away and destroyed by the municipality. 


[I pass round a card showing the stamps used at Leipzig, and the arrangements in other 


UNTERSUCHT1.) 


towns are practically identical. | 


The stamp of the inspector who passes or returns the meat. 


Stamp showing that the meat is from the Stamp placed on imported meat 
municipal abattior and not imported. which is passed. 


The question of the Freibank should be mentioned, and though it has many points in 
its favour I do not think that English people at present would take to the idea. I have, however, 
seen much very fair meat sold at the Freibank at 44d. per 0.5 kilo. (=1.1 lb.). Practically no 
frozen New Zealand or River Plate meat is sold in Germany, and Freibank meat seems somewhat 
to replace it. 

In Berlin, and in slaughterhouses of old construction, the system of separate small 
slaughterhouses, each let to one butcher, obtains. In Leipzig, Hanover, Cologne, Potsdam, and 
all modern buildings of the kind in Germany, the system of large slaughtering halls exists. In 


these no special place is assigned to any butcher, he just uses the space vacant at the moment. 
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[I also pass round a plan of the slaughterhouses at Leipzig, and have marked with a red 
ring the three slaughtering halls used respectively for cattle, swine, and sheep. ] 

The advantages of the large halls are that the systematic inspection of all carcasses and 
offal can be much more readily carried out, and that free ventilation and plenty of light are more 
readily obtained. Every director I questioned was in favour of the large halls, which, indeed, as I 


say, are universal in all new abattoirs in Germany now. 


Stamp placed on imported meat which is sent back as not of good enough quality to pass though 
not bad enough to destroy. 


Stamp placed on meat sent to the Freibank from the slaughterhouse. 


It may be interesting to quote some of the regulations in force at Leipzig with regard to 
inspection, etc., of cattle slaughtered there, and of meat brought in from outside. This will 


indicate in the fewest words how complete the system is. 


REGULATIONS MADE BY THE Letpzic CounciL as To THE ExaminaTION OF CaTTLE aNd Meat 


The examination of cattle, etc., brought into the market and slaughterhouses shall be made by 
experts appointed by the Council—namely, the director, two veterinary surgeons, six assistant veterinary 
surgeons, the chief of the microscopical department, the microscopical assistants, and the officers engaged in 
taking the samples of meat. 

The director is the supreme officer of the establishment. 

To him are delegated all powers for the examination of meat. All other employés are under his 
control. 


He also exercises final judgment in all cases of dispute. 
#* OC 
G 
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One of the two veterinary surgeons supervises the cattle markets, and also takes charge of the 
examination of all imported fresh meat. He is the director’s deputy, and has the title of Official Cattle 
Market Veterinary Surgeon. 

The other veterinary surgeon has the supervision of the slaughterhouses and the sanitary department, 
and is known as the Sanitary Veterinary Surgeon. 

A veterinary surgeon is appointed to supervise each of the three slaughterhalls. 

A veterinary or assistant veterinary surgeon shall inspect all animals entering the cattle markets 
and lairages. 

Animals found to be suffering from disease shall be taken to the sanitary department for observation 
or slaughter. 

All animals shall be inspected immediately after slaughter by the veterinary inspector who is present 
in the slaughterhall. 

An additional microscopical examination of the carcasses of pigs, with a view to the discovery ot 
trichinosis, shall be made by the examiners. 

If, upon examination, the veterinary inspector finds the meat to be good and the intestines healthy, 
he shall mark each carcass with the veterinary stamp in a noticeable and conspicuous position, and shall 
order further marks to be placed on the meat by the superintendent of the slaughterhall. 

As soon as a carcass has been marked the owner can dispose of it as he thinks fit. 

Meat which is healthy but of poor quality, calves which are immature, also meat found unhealthy 
but which may still be eaten—all of which meat is wanting in nourishment—shall be marked as being of less 
value and of inferior quality and shall be transferred to the Freibank. 

Where animals are found on slaughtering to be affected in a small degree, such as with abscesses, 
deformities, etc., having no influence on the general quality of the meat, the affected parts shall be taken 
away and the remainder of the carcass declared by the veterinary surgeon as fit for food. 

Meat which, upon examination, is found to be unfit for human food shall be taken to the sana 
slaughterhouse, there to be destroyed in the usual way. 


Examination OF ImporreD Meat 
(Meat which is not slaughtered in the city). 

All meat which is brought into the city shall be taken, before being sold or eaten, to the inspection 
office at the public slaughterhouses, to be examined. 

The person bringing meat for inspection shall give at the inspection office the name of the 
importer and butcher, and a full description of the meat. 

If the meat is emaciated, or immature, or if there are any symptoms of disease, it shall be 
condemned and destroyed. 

The meat shall be examined microscopically if necessary. 

A register shall be kept of all meat which has been imported. 

Meat which is submitted for examination shall not be removed from the inspection office until it 
has been stamped. 

The imported meat, if good, shall be stamped as such, but with a different stamp to that which is 
placed on good meat slaughtered in the city, in order that all concerned may see that such meat is imported. 

If the imported meat is offered for sale raw the purchaser must be informed in some way that it is 
imported meat. 

Where the two kinds of meat are sold in one shop they shall be kept separate and sold for what 
they are. 

Imported meat shall not be transferred to the Freibank. 


ReGuLaTIONS aS TO STAMPING OF MEaT 


The meat which has been passed as fit for human food shall be stamped as follows :— 
A carcass of beef with 12 stamps. 
A carcass of veal with 6 stamps. 
A carcass of mutton with 8 stamps. 
A carcass of pork with 12 stamps. 
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Persons requiring more marks put on the meat than those stated must make application at the time 
the stamping is being done, and point out where the additional marks are to be placed. 


ReGuLaTions as TO THE FREIBANK 


This is an establishment to which all meat which is passed as fit for food, but which is of an 
inferior quality, is taken, in order that such meat, being of less value than meat which is fully nourished, 
shall, under the supervision of the authorities, be sold as meat of an inferior quality, and at prices to be 
fixed by them, whch must not exceed four-fifths of the market prices of good meat. 

All fresh meat which has, upon examination by the veterinary surgeon, been found to be of an 
inferior quality, shall be taken to the Freibank ; such meat can only be sold at the Freibank and by 
persons employed by the City Council. 

Such persons shall not sell any other kind of meat, nor shall they sell meat outside the Freibank. 

The Council shall fix the locality and time for the holding of the Freibank. 

The flesh of animals slightly diseased, which has been thoroughly boiled on the premises, may be 
sold at the Freibank, but it must be stated at the time of sale what the animal has been affected with. 

The meat shall be weighed to the salesman, who shall account for all meat given him to sell. 

The meat shall be sold in pieces not exceeding 6 lbs. in weight, and for private consumption only. 

The amount realized from the sale of meat at the Freibank shall, after deducting expenses and fees, 
be handed over to the owners of the meat. 


COMPENSATION FOR CLOSURE OF PRIVATE SLAUGHTERHOUSES 


In Germany compensation is paid for closing the private slaughterhouses. “The method 
of determining the amount being by arbitration ; the owner of the slaughterhouse appoints one 
arbitrator, the Town Council another, and the Provincial Government a third. In any case the 
owners have to give notice of their intention to claim compensation within six months after they 
have received notice to close, or no claim .will be considered. 

This question of compensation, you may remember, was not touched on by the Royal 
Commission on ‘Tuberculosis in their recommendations. It was simply suggested that three years’ 
notice should be given. It is, of course, an important point ; and it is here again that the help of 
the family practitioner can be of service in rousing interest in the matter, and so gradually forming 
public opinion. 

In considering the question of compensation two classes ot persons concerned have to be 
mentioned, one of which classes may be again subdivided. 

1. The people whose slaughterhouses are unsatisfactory and insanitary in every way. 
Are such people to be compensated for being compelled to desist from perpetuating a most 
unsatisfactory condition of things? I think not. 

2. There are owners and tenants of slaughterhouses who do everything they can, under the 
circumstances, to carry on their business with as much regard as possible to the public health. 
They keep their premises in good order, and are always ready, as far as possible, to modernize them 
to meet the suggestions of the medical officer of health. ‘These people deserve better treatment 
in the way of compensation or length of notice than the first class I mentioned. 

It seems to me, however, that the question of compensation need not be so large a one as 
we have been led to suppose, for there is little necessity to compensate any but those whose actual 


business as slaughterers is stopped. 
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‘The better class slaughterhouse owner that I have been speaking of is either: (2) A 
butcher who uses the private slaughterhouse for his own convenience, for example, as being 
convenient to his shop, or for other reasons ; or (4) a slaughterer who is not a meat seller at all, 
and simply lives by his business of slaughtering for others. 

° Surely, if it is in the interests of the public health that private slaughterhouses should be 
closed, the mere question of convenience to the butcher and meat seller should not entitle him to 
compensation for disturbance. He would have his three years’ notice, and at the end of that time 
let him do his slaughtering at the proper place, namely, the public abattoir; and if, in any special 
case, it were shown that he had perhaps recently spent considerable sums of money in endeavouring 
to comply with the requirements of the medical officer of health of the district, some basis of 
compensation might be easily arrived at. 

But with the other man the case is somewhat different. He has a trade on which he lives, 
and at the end of three years that source of livelihood comes to an end. Should it be a very 
serious matter to compensate him? and if some compensation is necessary, could not it take the 
form of guaranteed employment at the new abattoir, if he isa working man? If, on the other 
hand, he did not himself actually use the poleaxe, he could receive an annuity or lump sum, 
calculated on a fair and moderate basis. 

The German Act of 1881 specially provides that no compensation shall be paid for the 
extra trouble there may be involved by reason of a butcher having to slaughter away from his own 
place of business. Compensation paid shall be for real damage or loss which can be proved on 
account of the closing of the places; such places having been built for slaughtering purposes. 
And compensation to be paid must have deducted from it the amount which may be realized from 
the properties and fixtures when used for other purposes. 

I think, in England, the difficulties have been exaggerated. Let public opinion be 
sufficiently aroused on the subject, and I do not think the question of compensation will be a 
very serious difficulty. At present public opinion is not strong; on the other hand the butchers 


and their federations are, and, naturally, the Government says ‘the time is not yet ripe.’ 


SrampinGc Meatr 


With regard to the question of stamping the meat it has been suggested that the British 
public will object to have its joints of meat disfigured thereby. I do not believe so for one instant. 
In Germany such marks are understood, looked for, and sometimes even more of them asked for 


on a carcass than the authorities usually put ; and why should it not be the same in England ? 


“THE DISINFECTION OF THE EXGRETA.* 


By CHARLES A. HILL, B.A., M.B., B.C. Canvas. 
AND 


JOHN HILL ABRAM, M.D., Lonp., M.R.C.P., Assisrant Puysictan Royat Inrirmary, 


Senior Demonstrator in Patrnotocy, Universiry Coiiece Liverpoou 


From the Bacteriological Laboratories, University College Liverpool. Read at a meeting of the 


Lancashire and Cheshire Branch. 


The methods used for ascertaining the value of any disinfectant are mainly two, namely, 
the addition of definite quantities of the substance to an active broth culture, with subsequent 
inoculation upon various media after the lapse of varying intervals, and the action of solutions of 
known strength upon test organisms inoculated upon threads. 

These methods are valuable in that they determine the absolute working power of the 
disinfectant in definite conditions, but we have felt that direct experiment is necessary before 
conclusions derived from them can be adopted. ‘This is more especially to be borne in mind in 
connection with the subject of our communication. 

We have limited our inquiry to the disinfection of the faeces, as, naturally, they are the 
most resistant. In our earlier experiments the disinfectant solution was added in excess to the 
solid faecal mass, but we speedily found that in not a single instance did we get any sterilization 
of the central portions. ‘Therefore we would insist upon the necessity for thoroughly mixing up 
the fecal matter with the disinfectant selected. 

We have chosen half an hour as the time during which the mixture must be allowed to 
stand as being a convenient one in practice, though we admit that it is a severe test, and no doubt 
explains some of our results. After exposure for half an hour, plate cultivations were made in the 


usual manner with gelatine and agar-agar. 


* Reprinted from the ‘ British Medical Journal,’ April 16th, 1898. 
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The accompanying tables give our results at a glance. 


minimum strength of those disinfectants which seem to act most satisfactorily. 
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only approximately correct :— 


Disinfectant. 


Strength. 


Perchloride of mercury 
Formol 

Carbolic acid 

Iodic hydrarg. 

Chloros 

Chinosol 

zal 

Creolin et 4 


| Carbolic acid (crude) 


Zinc chloride 
Copper sulphate 
Boiling water 
Sodium chloride 


Chloride of lime, 15°/Cl. 
25 Cl: 


99 99 


I in 1,000 
I in 20 
I in 20 

I in 4,000 

Undiluted 

I in 600 
I in 200 
I in 10 

Undiluted 
I in 10 
I in 20 


Tasce I 


The second table gives the 
The price list is 


Action on feces. 


When mixed. 


Spore-bearing forms 
Sterile 

Sterile 
Spore-bearing forms 
Limited 

Sterile 
Spore-bearing forms 
Sterile 

Sterile 

Copious growth 
Copious 

Copious 

Copious 

Copious 
Considerable 


When unmixed. 


Copious growth 
Copious 
Copious 
Copious 
Limited 
Copious 


Taste II 


MiniIMuM STRENGTH OF SIX SOLUTIONS WITH APPROXIMATE Cost PER GALLON 


Carbolic acid 
Crude carbolic ... 
Formol 

Chinosol 

Creolin 

Mercuric chloride 


in 20 
in 40 
in 40 
in 600 
in 40 
in 500 


ee ee ee ee 


Is. 
6d. 

Is. 6d. 
Is. 

AEs Is. 6d. 
ae gd. 


The above six solutions were tested with a typhoid stool, and all gave complete sterilization. 


The literature on the subject is small, at any rate from our special standpoint. 


UFFELMANN® states that the mineral acids are the most active of all disinfectants, then corrosive 


sublimate, carbolic acid, etc. 


He points out the importance of the duration of the influence of 


the disinfectant upon the motions. He recommends sulphuric or hydrochloric acid diluted with 


double the quantity of water, mixed in equal bulk with the faces, and allowed to stand, in the 


case of the former acid, 2 hours, of the latter 12 hours. 


Fooret comes to the following con- 


clusions—that the best disinfectants to use are corrosive sublimate with hydrochloric acid, corrosive 


sublimate with potassium permanganate, and the chloride of lime. 


«* Uffelmann : 


‘Die Desinfection infectioser Darmentleet'ungen,’ 


‘ Berl. klin. Woch., 1889, No. 25. 


+ Foote ; 


He further states that 


‘The Sterilization of Faeces.’ ‘Intern. Jour. Med, 


Sciences,’ Oct. 1889. 
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solutions of chloride of lime should be kept tightly corked, and should not be used after they are 
a week old. Gi~mMan THompson* recommends 1 in 500 perchloride, 1 in 10 crude carbolic and 
chlorinated lime. He states that the mass must be thoroughly mixed and allowed to stand two 
hours. These workers recommend mineral acids, corrosive sublimate, crude carbolic, and 
chlorinated lime. It will be seen from the table that we have found corrosive sublimate and 
crude carbolic good disinfectants. ‘The mineral acids we have not tested, as there are many and 
obvious objections to their use. Chlorinated lime we find with our time limit of half an hour to 
be useless. It may be said the preparations were old, but we submit that such an objection 
necessarily puts the substance out of court. Any of the six disinfectants on our select list may 
be regarded as absolutely certain in their results when thoroughly mixed with the stool and 
allowed to stand for half an hour. “There are, however, objections to the use of some of them. 
Corrosive sublimate is a scheduled poison, acts upon the metal work of the drainage system. 
and, moreover, gives a red colouration with stercobilin. This latter point is of importance, 
inasmuch as it may mask the presence of blood in a typhoid stool; again, albumen is coagulated 
by mercuric chloride, and thereby protects organisms enclosed in the centre of the coagulum. 
Crude carbolic acid is cheap and efficient, but does not mix over well with faces; it stains linen, 
and is poisonous. Formol and creolin are good, but are rather costly. “The remaining substance, 
chinosol, is, in our opinion, the best. It is reliable, an excellent deodorant, and mixes well with 
the faces. It is dearer than crude carbolic, but its cost is more than counterbalanced by its 
portability. It is put on the market in tablet form. ‘The tablets are readily soluble, and may be 
obtained in such strength that one of them in a pint of water makes a solution of effective 
strength. 
We may sum up our paper with the following conclusions :— 

1. It is absolutely necessary to mix the faces thoroughly with the disinfectant. 

2. The mixture should stand at least half an hour. 

3. Carbolic acid, crude carbolic acid, formol, creolin, chinosol, and corrosive sublimate 


in the strengths given in the short list are all effective, but chinosol seems the most convenient. 


* Gilman Thompson : ‘Albany Med, Annals,’ March and April, 1897. 
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BORIC ACID AND FORMALIN AS MILK 
PRESERVATIVES* 


By Hy Ee eANNED 1) WED DPE. Vicr. 


TuHompson Yates Laporaroriges, UNIVERSITY COLLEGE LivERPOOL 


‘There is no doubt that boric acid, if taken in large quantities, would be injurious to health, 
but we have not sufficient information to show whether such minute quantities as are generally 
added as preservatives would be regarded as having that effect; and more exact information is 
wanted before it can be decided whether a process which, primd facie, may be regarded as intended 
to prevent the loss of valuable foods must be held to be prohibited by law.’ ‘These were the 
words in which, in 1890-91, the Committee of Inquiry of the Local Government Board gave its 
opinion on the important question of the use of preservatives in foods. It is remarkable that 
‘sufficient information ” on the action of minute doses of ‘ preservatives’ habitually taken, after the 
lapse of a period of almost ten years, is still not forthcoming. The most recent legislation 
indicates the absence of such information. ‘Thus Article 1, section 7, of the Sale of Foods and 
Drugs Acts, 1899, states : ‘ Provided that an article of food shall not be deemed to be adulterated 
by reason only of the addition of any preservative or colouring matter of such a nature and in such 
_ quantity as not to render the article injurious to health. The ‘Lancet,’ at the time of the 
appointment of the Adulteration of Foods, &c., Commission in 1896, urged the importance of an 
inquiry into the question of preservatives, and by means of the ‘“ Lancet” Sanitary Commission on 
the Use of Antiseptics in Food,’ published the opinions of the most eminent authorities of this 
country. “These were unanimously of the opinion that the use of antiseptics in food was injurious 
to health ; but they could produce no direct evidence in support of their opinions. The Local 
Government Board have recently appointed a special committee ‘to inquire into the use of 
preservatives and colouring matters in food, and to report (1) whether the use of such materials, or 
any of them, for the preservation and colouring of food in certain quantities is injurious to health, 
and if so, in what proportions does their use become injurious ; (2) to what extent and in what 


amounts are they so used at the present time.’ 


‘THE Use or Boric Actp ann Borax 

Boric acid was introduced into medicine in 1702 by Hombera, as a sedative salt with 
anodyne and anti-spasmodic properties. In 1844, Brnswancer, in the Miinich Prize Essay, 
considered boric acid to be comparatively inert in its action, doses of from 1 to 3 drachms 


causing gastro-intestinal irritation ; borax also caused similar symptoms and often an impetiginous 


* Reprinted from the ‘ Lancet,’ November 11, 1899. 
* 
H 
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eruption, WILp,* reviewing a larger number of cases which he had collected from English and 
foreign literature, sums up the question of boric acid and borax intoxications thus: ‘Two forms 
are recognized—r. In which large quantities of the drugs are rapidly absorbed from the alimentary 
canal from serous and other cavities, or from extensive raw surfaces ; in these cases vomiting, 
diarrhoea, general depression, and partial paralysis of the nervous and muscular systems occur and 
may cause death. Erythematous and impetiginous rashes are common. 2. In which the drug is 
administered in small doses for long periods. Whether the condition of the kidneys, or an 
individual idiosyncrasy in regard to the drug, is the determining factor in causing toxic symptoms 
requires further investigation ; but it is an important fact that the great majority of persons taking 
boric acid or borax do so without injurious effects. Gowers,t Liveinc, Fere,{ and others 
recorded that, in several epileptic cases undergoing a course of treatment with boric acid or borax 
for a long period, in some cases there were considerable gastro-intestinal irritation, nausea, and 
vomiting ; they also noted the occurrence of a dry condition of the skin and mucous membranes, 
falling out of hair, striation of the nails, psoriasis, erythema, a special papular eruption, 
desquamation, petechiz, oedema of the extremities, albuminuria, debility, and anemia. ‘The 
doses in these cases amounted to from 4 to 10 grammes a day (about from 60 to 160 grains). 
Witp and Hatt record also several cases with similar symptoms which had been treated with 
doses of boric acid, or a mixture of that acid and borax, amounting only to from 30 to 75 grains 
daily. Doses of 80 grains per day for a single day produced no effect on 40 of Wixp’s cases ; but 
doses amounting to 120 grains in 4 hours produced in Witp himself nausea, colic, diarrhoea, 
headache, depression, loss of appetite, and flushing of the skin. ‘The only direct evidence of 
injurious effects being produced by the ingestion of ‘preserved milk’ is obtained from the cases 
recorded by Dr. M. K. Ropinson,|| the Medical Officer of Health of the East Kent Combined 
Sanitary District. Five of the seven inmates of a certain house became suddenly ill after partaking 
of blanc-mange which had been made from milk of the previous day, to which, as was confessed, 
the dairyman supplying it had already added boric acid, and to which the cook had added a further 
quantity to preserve it over-night. Nine fowls fed liberally with the blanc-mange became ill, five 
dying. 


Extent oF THE Use oF Boric Acip, &c. 


Dr. A. Hixi’s@ paper, read before the Society of Medical Officers of Health, furnishes 
valuable statistics from Birmingham. Out of 2,300 samples of food, 460, or 20 per cent., contained 
either boric acid, formol, or salicylic acid. Boric acid was found in 35 per cent. of 882 samples of 
butter and margarine, and in 15 or 24 samples of bacon, sausage, and other animal foods. In 5 per 
cent. of 1,360 samples of milk boric acid was contained in quantities varying from 3 to 130 grains 
per gallon. ‘The samples of butter analyzed contained boric acid varying in quantities from 7 


to 84 grains per pound, or from 0.1 per cent. to 1.2 per cent. Five out of eight samples of cream 


* The ‘ Lancet,’ Jan. 7th, 1899, p. 23. § The ‘ Lancet,’ Jan. 28th, 1899, p. 261. 
+ Ibid., Sept. 24th, 1881, p. 546. || ‘ Public Health,’ August, 1899. 
} Ibid., Oct. 12th, 1895, p. 932. q Ibid., May, 1899. 
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contained boric acid. Several prosecutions in different towns of England are recorded of cases in 


which similar quantities of boric acid have been used. 


Action oF Boric Acip 

Professor ALLEN,* Professor of Physiology in Mason College, Birmingham, stated :— 
‘Boric acid and its compounds are quite foreign to the animal body, and their presence must 
necessitate departure from the normal chemistry of life. “Che departure may be expected to 
consist partly in the formation of inert compounds of boric acid with calcium and magnesium 
(perhaps also iron), and the consequent removal of these indispensable metals from the economy. 
Whatever antiseptic may be used it should be remembered that, in order to obtain its due effect, 
there must be enough present to exert a decided influence on protoplasmic activity. “This effect 
can hardly be expected to be beneficial to the tissues of the alimentary canal. Even the disinfection 
of the contents of the canal is a doubtful blessing in most cases, because the beneficial organisms 
are thereby destroyed. However harmless an occasional dose of boric acid (or one of. its 
compounds) may be, it is evident that the case may be different when nearly every article of diet 
contains it.’ 

The most systematic and complete experiments as to the action of boric acid and borax 
on the digestive ferments are those of RrpeaL and Fourerron.t ‘They used a mixture of boric 


acid (25 per cent.) and borax (75 per cent.). The following are abstracts of their results :— 


A.—Actrion on Amytotytic DiIGEsrion 


1.—Salivary Digestion of Starch. 


Preservative. Strength. Retarding effect of preservative. 
Boric mixture - - I in 2000 11.7 per cent. 
= I ,, 1000 Ie - 
” ay  siais) 14.0 ” 


The retarding effect was measured by the amount of sugar formed as compared with a 


¢ 
S 


control sample containing no preservative. 


2.—Dizgestion of Starch. 


Retarding effect on action of 
‘ Preservative. Amount. bs eG = 
Zymine. Pancreatine. Liquid Taka-diastase. 
Boric acid mixture | I in 2000] 22.8 per cent. | 36.0 per cent. | 67 per cent. 
” I ,, 1000| 37.0 ,, 46.4 5, 1 ” 
” ” 1, 333 49.2 ” 53-0 ” 80 ” 


* Report of the ‘Lancet’ Sanitary Commission on the Use of Antiseptic in Food, the ‘ Lancet,’ Jan. 2nd, 1897, p. 58. 
‘Public Health,’ May, 1899. 
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B.—-Prorgotytic DiGEsTrion 


1.— Pepsin digestion of raw beefsteak. 


Preservative, Amount, Method of experiment. N. dissolved. 

Nit. = Digested for one hour. 46.8 per cent. 
Boric acid I in 2000 Preservative and steak im |(4'5.5°9\ jas 
mixture. contact for 24 hours be- 


fore adding pepsin and 


acid. 
“a I ,, 1000 3 » 42.2 ” 
5 I 333 » » 34.6 5, 
¥ I 4, Loco Digested for one hour. SOL. s 


2.—Pancreatic digestion. 


Preservative. Amount, Method of experiment. Retarding action. 
Boric acid I in 2000 Preservative in contact 20 | 0.6 per cent. 
mixture. hours before digestion. 

is I ,, 1000 = = Qn 3 

” I ,, 333 ” ” 2.4 ” 

53 I ,, 1000 Without previous contact. 1.0 re 


C.—INFLUENCE oF CuRDLING OF Mitk By CuHyMosiIn (RENNET FERMENT) 
Very little influence was noted except that the borated samples showed more tendency 
to separate and that the curd was slightly more solid. 
Several other investigators—Cripps,* LirFMaAn,t and others—have obtained results differing 
in a very few details from these. ‘The figures show that boric acid and borax have a detrimental 
action on all the digestive ferments to the extent of from 0.6 to 53 per cent., according to the 


amount used and the nature of the ferment action. 


EXPERIMENTS ON ANIMALS 
Neumann{ recorded the earliest experiments on animals. Dogs (in weight about 
15 kilogrammes) received from 5 to 6 grammes of boric acid without effect beyond a fall 
of temperature. Larger doses produced vomiting and diarrhoea. Doses of 10 grammes and 


over produced death by nerve and muscle paralysis. Rabbits, Pigs, Horses, and Fowls gave 


* The ‘ Analyst,’ 1897, p. 184. + Ibid., p. 102. } ‘Archiv ftir Experimentelle Pathologie und Pharmacologie,’ 1881. 
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similar results. CHITTENDER and Gigs* experimented with full-grown Dogs (in weight from 
8 to 12 kilogrammes) which were dosed during a period of from 27 to 46 days with borax and 
boric acid. ‘They found that moderate doses of borax, up to 5 grammes daily, were without 
influence on metabolism or on general nutrition while in doses of from 5 to 10 grammes daily 
borax disturbs metabolism, increasing excretion of nitrogen and of sulphuric and phosphoric acids 
through the urine. Boric acid up to 3 grammes had no effect. Still larger doses of borax or of 
boric acid disturbed the assimilation of proteids and fats, increasing the amount of feces and of 
their nitrogen and fat. Diarrhoea and an increase of mucous secretion were also produced. “Thus 
all experimental work on the subject has been performed on adult animals. No records of 
experiments with young animals have, as far as I can ascertain, been published. Many have 
stated that the quantities of boric acid used as preservatives are injurious to infants, without 
producing direct evidence to that effect. It has been often pointed out that the average quantities 
present in ‘preserved’ milks is more than the ordinary maximum British Pharmacopceia dose for 
an infant taking from 32 to 40 ounces of milk per diem. 

Most authorst are agreed that not less than 35 grains per gallon (0.05 per cent.) of a 
mixture of boric acid and borax is a minimum efficient quantity necessary to ‘preserve’ milk for 
48 hours, while this quantity is rather more than sufficient for a period of 24 hours. In order to 
obtain some better indications of the probable action of boric acid on young infants and children 
I arranged a number of experiments on young kittens, 3 or 4 weeks old, just able to lap milk. 
Their condition at this age seemed more analogous to that of infants than in the case of most 
other animals, as they are entirely dependent on milk for their food until they reach the age of 
about 2 months. ‘The experiments were made with boric acid—quantities of 40 grains and 80 
grains per gallon being employed. Judging from the experiments of CHITTENDER and GIEs on 
adult Dogs, boric acid seems to have a less deleterious effect than borax. The experiments were 
only preliminary, and a further series, with less quantities of acid, are in progress. “he animals 
were kept under the most favourable circumstances, being allowed during the greater part of the 
day to run about within a considerable area, and at night they were housed in capacious cages in 
the animal house at the laboratory. A supply of fresh milk, renewed every few hours during the 
day, was always provided. As the animals grew older a little bread was added, and later a little 


meat was also given. ‘The results were very striking, as the following tables show. 


* ¢ American Journal of Physiology,’ vol. i, 1898, No. 1. + Rideal and Foulerton : ‘ Public Health,’ May, 1899, p. 534. 
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A.—Five Kirrens Trearep witH MILK PRreEsERvED BY Boric AciD IN QUANTITY OF 
80 GRAINS TO THE GALLON 


Weight at end of 
No. | Original weight. ae atari as raat 
First week. Second week. Third week. Fourth 
week. 
I 388 grammes | 410 grammes | 387 grammes | 313 grammes] Dead. 
2 497 ” 490 ” 500 ” 423 ” ” 
3 468 ” 402 ” 385 ” 328 ” ” 
4 (468 ,, 472 5 420, Ag Siar, » 
342 ” 327 ” 331 »” 332 ” ” 


B.—Kirrens Dosep wir Mitk ConraIninc 40 GRaINs TO THE GALLON 


Weight at end of 
No. Original weight. a [>= a“ ~ 
First week. Second week. Third week. Fourth 
week, 
I 442 grammes | 395 grammes | 340 grammes | 330 grammes] Dead. 
2 345 as | 335 * 308 es Dead. — 
3 268 ” 253 ” 215 ” ” ae 
4 SOs A825 0 AS Ommmiae 500 grammes | Dead. 
5 1495 » 462, 440s, 502s 2 
C.—Kirrens Recetvinc UnrreatTeD MILk 
Weight at end of 
No. Original weight. a a Thea 
First Second Third Fourth Fifth 
week, week, week, week. week. 
I 457 grammes | 486 grs.| 443 grs. | 500 grs.| 492 grs. | 500 grs. 
2 354 446 5, | 452 55°) 51595, | 505 35,1|/603 0c, 
3 485 562 5, || 6800 55.) 732 Ga) 005 io UC Ome: 
4 264 %) 265 ” 300 », 362 ” —* a 
5 3130s 320 45 | 333 o» | 340 » | 384 » | 447 4 


It was endeavoured to have kittens of as nearly as possible about the same weight and of 
the same age and born of the same Cat in each of the groups A, B, and C, so that the conditions 
might be approximately the same. ‘The earliest symptom manifested by the kittens of Groups 
A and B was loss of appetite ; it was seen, even after the first day or two, that they took less milk 
than the control kittens. Diarrhoea, inactivity, and depression soon followed, then rapid emaciation 


and death. It is very evident from these experiments that much smaller quantities than 40 grains 


* Strayed and lost. 
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to the gallon would have considerable effect, and experiments to test this are in progress. The 
results, I think, of these experiments cannot fail to lead us to infer that similar if not more injurious 
effects would be produced by repeated administration of similarly ‘ preserved’ milk as the daily food 
of young infants, and all the evidence tends to prove that milk, especially during the summer 


months, is habitually and systematically ‘doctored.’ 


Tue Use or FoRMALIN 


Formalin has only been introduced commercially within the last two or three years. 
It has been but little used in medicine except as a diluted vapour in the treatment of phthisis 
and whooping-cough, and no exact dosage has been assigned to it. Formol, formal, and 
formalin are terms in use for the commercial liquid which contains about 40 per cent. of pure 
formaldehyde (CHOH). ‘The extent of its use as a milk preservative is seen from Dr. HI.1’s 
figures. Dr. Hitt found formalin in 47 out of 1,000 samples of milk examined. In some 
American cities its use had become so extensive that the sanitary authorities* provided each milk 
inspector with a small chemical outfit, consisting of ferric chloride solution, sulphuric acid, pipettes, 
and test-tubes, in order to test for formalin. After the passing of an act in 1895 prohibiting the 
addition of any preservative to milk the open use of formalin ceased, but substitutes were presented 
for patronage under various names, such as ‘ freezine,’ ‘milk sweet,’ ‘callerine,’ &c., which were 
found to be preparations of formalin. Costly circulars, booklets, and pamphlets were largely 
distributed to milkmen extolling the merits of the various preparations. “The use of these was 
often described as ‘a new process for keeping milk and cream sweet without ice.’ “The user was 
assured by the circulars that ‘it cannot be detected when used—in fact, a chemist could not find 
any trace of it if the milk were analyzed.’ ‘The medical officer of health of Philadelphia describes 
its use ‘as wholly mercenary, regardless of the injurious effects upon the digestion, especially of 
children and invalids.’ Cassatt gives his opinion that ‘formic aldehyde is a substance which 


must be regarded as even more objectionable than boric acid.’ 


ACTION OF FORMALDEHYDE ON DIGEsTIVE FERMENTS 


Ripeat and Fouterron extended their experiments also to the action of formalin with the 


following abstracted results :— 


A.—Amy.Lo.tytic DIGEsTiIon 


1.—Salivary Digestion of Starch. 


Strength of formalin. Retarding effect. 
I in 100,000 0.2 per cent. 
iy overere: 4.0 Pe 
I ,, 10,000 11.0 < 


* Annual Report of the Bureau of Health, Philadelphia, 1898. } ‘ Public Health,’ 1899, p. 535. 
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2.—Digestion. of Starch. 


Retarding action on 
Strength of 7 A —————~ 
formalin. Zymine Pancreatine etepare Taka- 
y : diastase. 
I in 100,000 3.6 per cent. 13.0 per cent, 5.0 per cent. 
I 5; 50,000 8.2 es 16.0 BS 8.5 “5 
I ,, 10,000 8.5 * 16.7 A 18.0 A 


B.—Proreotytic DiGEsTIoN 
1.—Pepsin Digestion of Raw Beefsteak. 


| Strength. Retarding Action. 
| 
T in 50,000 2.6 per cent. 
I ,, 100,000, after 24 hours’ previous contact. 8.6 A 
I ”? 50,000 ” > 8.7 ” 
I ,, 10,000 A Bes 12.6 3 


2.—Pancreatic Digestion : Digestion of Casein. 


Strength. Retarding Action. 
I in 50,000 0.3 per cent. 
I 4, 100,000, after 20 hours’ previous contact | 5.4 a 
with preservative. J 
I 53 50,000 os a Ay 5-9 A 
Liss LO; 000 i Pr es 8.6 Pr 


Thus formaldehyde, in strengths of from I in 50,000 to I in 10,000, appears to have a 
deleterious effect on the digestive ferments to an extent varying from 0.2 per cent. up to 18 per 
cent., so that it is possible that the total effect of formalin, after acting on the different digestive 
ferments on its way through the alimentary tract, might amount to a very considerable total. 
RipeaL and FouLerton,* from experiments to ascertain the ‘ preserving’ effect of formalin on 
milk from a bacteriological point of view, decided that not less than 1 part in 50,000 is necessary 
to preserve milk for 48 hours. There is but little doubt that milk, after passing through the hands 
of the wholesale purveyor, dairyman, and milkman, often contains considerably more than this 


quantity. 


is eo Gauci te. 


THE PRESERVATION 


OF 


EXPERIMENTS ON ANIMALS 


MILK 


05 


The only recorded experiments are those of RrpEaL and FouLErron on 3 Cats, 1 Rabbit, 


and 2 Guinea-pigs. 


The Cats, which were 3 months old, and the Guinea-pigs, which were over 


200 grammes in weight, were not in such a condition as to furnish the best indication of the action 


of formalin. 


No effect was noticed after a course extending over some weeks. 


I therefore 


arranged a large number of experiments on young kittens, 3 or 4 weeks old, kept under conditions 


similar to those in the experiments with boric acid. 


A.—Kirtens Recetvinc FoRMALDEHYDE 1 Parr IN 50,000 oF MILK 


The results are noted in the following tables. 


ee Weight at end of 
No. Original oe ae | 
weight. First Second Third Fourth Fifth Sixth Seventh 
week. week, week, week. week, week, week, 
Grms. Grms Grms Grms. Grms,. Grms. Grms. Grms. 
I 273 271 305 336 399 = = = 
2 279 275 285 326 370 434 463 a 
3 465 447 409 =k = a — = 
4 425 420 445 438 410 537 646 590 
5 315 303 290 367 331 el = = 
Conrro, Kirrens Recetvinc Unrreated MILK 
ren Weight at end of 
No. Original = Se { 
weight. First Second Third Fourth Fifth Sixth 
week week, week week, week week. 
Grms. Grms Grms Grms Grms. Grms Grms. 
6 315 320 333 340 384 441 aa 
7 425 486 450 583 680 744 836 
8 430 380 358 445 547 609 = 
9 432 473 478 538 672 731 = 
B.—-Kirrens RecEIvinc FoRMALDEHYDE 1 Part IN 25,000 of Mik 
Sie Weight at end of 
No. Original po : ee ———— aay 
weight. First Second Third Fourth Fifth Sixth 
week week. week, week, week, week, 
Grms. Grms Grms. Grms. Grms Grms Grms. 
I 408 416 518 510 537 558 583 
2 405 485 568 567 612 630 585 
539 565 Do 692 706 700 713 
4 537 575 695 727 764 760 793 
* Dead, 
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Contrro., Kirrens Recetvinc Unrreatep Mik 


A Weight at end of 
No. Original iss Sc ee woe ee ee a 
weight. First Second Third Fourth Fifth Sixth 
week, week, week. week. week, week. 
Grms. Grms. Grms. Grms. Grms. Grms. Grms. 
5 544 615 756 830 955 goo 883 
6 424 509 633 627 682 635 639 
7] 485 562 | 686 TB 865 853 868 
C.—Kirrens Receivinc FoRMALDEHYDE I Parr IN 12,500 oF MILK 
nae Weight at end of 
Noe Original = oe ase = ae Soles pore ae 
weight. First Second l Third | Fourth Fifth ’ Sixth 
week, week. week, week, week, week. 
Grms. Grms. Grms. Grms. Grms. Grms. Grms. 
I 483 535 543 465 aaa = = 
2 470 498 505 468 = — = 
3 550 556 566 525 445 487 514 
4 389 435 470 485 540 580 = 
395 365 401 462 497 581 = 
ConrroL Kirrens RECEIVING NO FORMALDEHYDE 
| oe Weight at end of 
No. Original pe aes pees wt ps goto po shee, ms 
weight. First Second Third Fourth | Fifth Sixth 
week. week. week, week, week, week. 
Grms. Grms. Grms. Grms. Grms. | Grms. Grms. 
6 544 615 756 830 955 goo = 
| 7 354 446 452 515 505 603 726 
8 408 385 433 538 672 HO om 
The following tables show the average weekly increase :-— 
Kirrens A. Grms. Controt KiItrens. Grms. 
Ist week, average of 5 kittens ... - 8.2 Average of 4 kittens + 14.7 
2nd ” ” ” ” sieis ar 3.6 ” ” ” a 10.0 
3rd ” ” ” ” O00 et 28.4 ” ” ” + 89.2 
Athy 3, 33 7 aie ae AS e a Pip TOG, 
Schiuess es Qe. ae ae + 145.2 aS ee + 60.5 
Average total increase for \ 177.6 251.1 
5 weeks 


* Dead. 
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Kittens B. Grms. Conrrot Kirrens. Grms. 
Ist week, average of 4 kittens ... ap ae Average of 3 kittens 177.9 
2nd ,, » apy tpn oe + 114.2 - se att + 129.6 
gd), ” OW ah - 0.5 oy Re ess ae as + 61.3 
ath ,, 9 Ant re + 30.5 5 ee ee m2 + 104.6 
jth 5, » ee Hes + 72 a are ae ae - 38.0 
6th ,, i“ Pa oe + hee - ee f: me + 0.6 
Average total increase for ) 196.6 Borer 

6 weeks ... J 
Kirrens C. Grms. Contro. Kirrens. Grms. 
Ist week, average of 5 kittens ... + 20.4 Average of 3 kittens... er 46.6 
2nd ,, cs Sa tgsh cer | ae ine > ee =e se 68.3 
3rd, ” mp eee —- 18.0 55 Ss Ae av 80.6 
4th ,, 20 ee + 13.3 ms naar aap — 83.0 
thie 35 5 yee es + 55.3 55 A a Ae 34.0 
Average total increase for | 312.5 

; 96.4 
5 weeks J 


The earliest effect of the formaldehyde was to cause a loss of appetite during the first week. 
Diarrhoea with noisy gaseous motions, gaseous distension of the abdomen, and changes in the fur 
(the hairs standing and feeling rough and unpleasant to the touch) followed. In some cases 
emaciation and death occurred ; in others the condition continued with but little increase in 
weight until the animals reached the age of about two months. The younger the animals the 
more susceptible they proved to the action of formalin. Compared with the control animals it is 
seen that the formalin in Group A (1 in 50,000) retarded the nutrition of the animals, as indicated 
by their increase in weight, to the extent of about 29.3 per cent., in Group B (1 in 25,000) to 
39-6 per cent., and in Group C (1 in 12,500) to 69.1 per cent, It is evident, from a study of the 
figures, that experiments should be continued on a larger number of animals to avoid the very 
material effect which one animal in five may cause on the average. 

From a consideration of the results of the above tests—chemically of the effect of boric 
acid and formalin on the different digestive ferments, and physiologically of the effect of these 
re-agents on the nutrition of young kittens—one is forced to conclude that these chemicals when 
used as preservatives of milk (and probably of other foods) are very injurious to the health of the 
consumer and particularly so to the health of young infants. Further, it is easy to conceive that 
the great infant mortality rate from diarrhoea of many of our large towns may be closely 
connected with the practice, especially during the summer months, of systematically ‘doctoring’ 
milk by means of the preservatives used by milk purveyors, dairymen, and milkmen. ‘These 
experiments on young animals will constitute the first of a large series, by which that ‘sufficient 
information’ as to the injurious effects of the use of preservatives in milk will be provided, in order 


to make an action under the Sale of Foods and Drugs Act possible. 


CARCINOMA OF THE KIDNEY ARISING IN 
THE GLOMERULI* 


By JOHN HILL ABRAM, M.D. Lonp., M.R.C.P. Asstsranr LiecrurER on ParHoOLoGy 
Universiry CoLiecg, Assisranr Puysictan, Royat InrirMary LIvERPOOL 


From the Thompson Yates Laboratories, University College Liverpool. 


My object in reporting this case is to place on record what seems to be an almost unique 
condition in the kidneys. 

Clinical History.—William D., et. 16, a groom, was sent to the Royal Infirmary by Dr. 
Brair Bett, of New Brighton, and was admitted under my care. He gave an eight months’ 
history of pain in the back. He was emaciated and anemic. Enlarged glands in groins, axilla, 
and submaxillary regions. “Iwo tumours on the anterior surface of the sternum, over these the 
superficial veins distended. Liver enlarged. Urine (by catheter) 1025, no sugar, no albumin. 
Paresis in legs, knee-jerks present. Incontinence of urine and feces. Fresh tumours developed 
on the ribs; the liver became larger and nodular; the weakness in the legs more marked ; the 
knee-jerks no longer obtainable. “Lowards the end, cough, blood-stained sputum ; thrombosis in 
left iliac vein; left hydrothorax. Death after ten months’ illness. 

Post-mortem.—Numerous growths on ribs. “P'wo masses of growth on the anterior surface 
of the sternum, a large mass on the posterior surface. For 3 in. above and below the sixth dorsal 
vertebra extensive growth in the pre-vertebral connective tissue, also infiltrating the nerve roots. 
Some patches of growth on the outer surface of the dura mater spinalis. The pleural cavities 
contain clear fluid. Both layers of pleure and the lungs show numerous nodules of new growth. 
Liver enlarged, right lobe practically replaced by growth, many nodules in left lobe. Spleen 
normal. Kidneys rather large, one or two small nodules of growth. ‘The growth everywhere is 
firm and white. 

Histological Examination—Portions of the various organs were hardened in the usual fluids, 
and the histological examination revealed a very interesting although unexpected condition. ‘The 
new growth on the sternum was found to be not a connective tissue tumour, but epithelial in 
nature. The tumour tissue contained somewhat slender cells packed in irregular alveoli, the 
central portions showed many necrotic cells, and in parts the stroma had undergone myxomatous 
degeneration. ‘The growth was limited to the periosteal surface of the bone, and the medullary 
substance was normal. ‘The nodules on the dura mater presented a similar structure ; the nerve 
roots contained many degenerated nerve-fibres. The cord itself was practically normal. The 


growth in the liver resembled that on the bones. Here, too, the myxomatous change in the 


* Reprinted from the ‘ Journal of Pathology and Bacteriology,’ February, 1900, 
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centre of the nodules was marked. ‘The epithelial masses in the periphery partly infiltrated, 
partly compressed the surrounding liver substance. The kidneys, in addition to a slight patchy 
sclerosis of the cortex, presented a most unusual appearance. Throughout the cortex the 
glomeruli were striking objects, as is well seen in the figure. ‘The prominence of the glomeruli 
was due to deeply-stained epithelium lining the parietal layer of Bowman’s capsule. A further 
examination showed the epithelial lining to consist of several layers of slender columnar cells with 
oval nuclei. A marked feature in the majority of the glomeruli was the normal appearance of the 
vascular tuft and its epithelial covering. In a few instances the proliferating epithelium com- 
pletely filled the capsule. In places the growth penetrated the basement membrane and infiltrated 
the surrounding tissue, and in not a few cases the epithelium of the renal tubules in immediate 
relationship to the glomeruli was replaced by that of the growth. ‘The small nodules of white 
growth were found to consist of masses of cells with a considerable amount of stroma, in which 


some bundles of fibres resembling muscle-fibres were present. 


The general appearance of the glomeruli is well seen. The dark layer consists of 
several layers of slender columnar cells ; a similar deeply-stained epithelium is 
present in the tubules adjoining some of the glomeruli. The normal appearance 
of the epithelial covering of the vascular tuft is obvious. 


The occurrence of a malignant epithelial tumour at the age of 16 years is very unusual, 
and the condition of the kidney is almost unique. I have been able to find only two cases on 


record which in any way resemble my own. 


REMARKS 
O. Hitpepranp* reports a case of small cell carcinoma in a child zt. 5. The referat 
says HinpEBRAND considered the tumour to arise in the glomeruli, and that the proliferating 


epithelium therein finally infiltrated the surrounding tissue. 


*¢ Arch, f, klin. Chir.,’ Berlin, 1894, Bd. xlviii, Refer. ‘Centralbl. f. allg. Path, u. path, Anat.,’ Jena, 1895, Bd. vi, S. 519. 
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A case bearing a very close resemblance to mine was reported by SEYMouR SHARKEY * 
in 1882. 

G. R., married woman, zt. 28, emaciated, anemic, jaundiced ; liver enlarged ; tumour 
above pubes. 

Post-mortem.—Nodules of new growth in lungs. Liver: masses of new growth. Right 
ovary cystic, new growth in remaining portion. Kidneys appear normal. 

Histology of Kidney.—Glomeruli: the basement membrane of the capsules is sharply defined, 
and the capillaries within are healthy, but from the internal surface of the basement membrane 
rose a thick deeply-stained wall of cells, having a very clear columnar arrangement. In some of 
the larger areas of disease the earliest changes were in the epithelium of the tubules, which was 
transformed into a columnar epithelium. 

I have given a somewhat detailed account of Dr. SHARKEY’s case because it corresponds so 
closely with my own ; in both we have the kidneys apparently normal macroscopically, and in 
both we have considerable masses of growth in other organs. Both cases, again, are young 
subjects for malignant epithelial tumour. 

Putting aside the question of the growth starting independently in the various sites of 
disease, two questions seem to present themselves—(1) Is the condition in the kidney congenital 
and not connected with the growths at all? (2) If carcinoma of the kidney, is the condition 
primary or secondary ? 

The widespread, in fact universal, deviation from the normal in the structure of the 
glomeruli seems to favour the congenital theory. 

So far as I am aware, however, in the lower animals, and in the primitive renal tubule in 
Man, the epithelial lining consists of a single layer of cells. “The increased cellular mass indicates, 
therefore, a new formation, and this is confirmed by the occasional penetration of the basement 
membrane by the proliferating epithelium. 

The character of the cells of the new growth is of interest in connection with COHNHEIM’S 
embryonic remnant theory of tumour formation. Assuming, then, that it is a question of growth, 
the nature of this, whether primary or secondary, arises. The extensive growth in the liver, 
lungs, etc., as compared with that in the kidney, does not of necessity prove the secondary 
character of the latter ; it seems to me, further, that if the kidney growth were secondary, that 
the epithelial growth would have been found over the vascular tuft as well as on the peripheral 
part of the capsule. 

My conclusion is, therefore, that my case is one of primary carcinoma of the kidney 
arising in the glomeruli, and possibly associated with a persistence of the epithelium of the 


primitive renal tubule. 


* Trans, ‘ Path. Soc.,’ London, 1882, vol. xxxili, p. 195. 


TWO CASES OF LYMPHO-SARCOMA* 


WITH REMARKS UPON THE DIFFERENTIAL DIAGNOSIS OF SOME 
GENERAL GLANDULAR ENLARGEMENTS 


By JOHN HILL ABRAM, M.D. Lonp., M.R.C.P., Asstisranr Puysician Roya 


INFIRMARY, Assistant LecrurER on Paruotocy, UNiverstry CoLLEGE LIvERPOOL 


The cases which I report were in the Royal Infirmary under my care in the latter part 
of 1897 and the earlier part of 1898. 

Case I 

J. M., zt. 41, sailmaker, was admitted on September 8th, 1897, for pains in the joints 
and glandular swellings. Apart from consumption in a collateral branch the family history was 
good. 

He stated that his general health had always been good, and that he had never had any 
venereal disease. “here was no scar on the penis. ‘The swellings were first noticed in March, 
1897, in the neck as usual ; then the groins, and then the armpits. In June pains in the limbs 
were present. Whilst under treatment a rash appeared on the body, and afterwards on the face 
and head, attended with marked pruritus. 

On Admission.—- A well-built, powerful man. ‘There is present thickly on the face, and 
more sparsely on the trunk and extensor aspects of the limbs, a raised, dusky-red rash, slightly 
scaly, but with no sign of vesication. It does not now itch. 

Glands.-- Marked swelling on both sides of the neck and face from the clavicle to the 
zygoma, also in the submaxillary triangles, the groins, and the axilla. The glands can be separated 
from one another, and can be readily moved beneath the skin and on the deep tissues. Numerous 
isolated subcutaneous nodules are present over the trunk. The fingers and toes are swollen, and 
the skin thereof livid ; they are very tender. 

The tonsils are not enlarged. Dr. Hunr reports ‘that a distinct swelling exists below the 
vocal cords, narrowing the lumen of the air-passage to a comparatively narrow slit.” The spleen 
reaches the costal margin. ‘The liver is not enlarged. 

Ro26.— P. 84. 

He has some dyspnoea, but can lie down. Some cough, with tough, blood-stained sputum. 
There is some dulness, with increased resistance behind the sternum. ‘The respiratory movement 
is entirely abdominal. Chest emphysematous. Bronchitic sounds all over. Heart normal. 
Nervous system normal. Urine, 1024 acid, no abnormal constituents. Blood, Hh. 45 per cent. 


R.C. 3,600,000. Wh.C. 24,800. W:R::1: 145 roughly. 


* Reprinted from the ‘Liverpool Medico-Chirurgical Journal,’ July, 1899. 
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Leucocytes are mainly small lymphocytes. Eosinophil cells not excessive. 

He was put on lig. arsenicalis m iii thrice daily after food, and this was gradually 
increased until, on October 9th, he was taking 12 minims thrice daily. 

During this time he seemed to improve, the glands becoming smaller and softer, and the 
rash fading. 

On October 15th some cedema of limbs and scrotum was observed, also slight albuminuria. 
The temperature rose to 103°. No rigour. The arsenic was omitted. It is noted on the 17th 
that he passed 172 oz. of urine without albumen. 

A syringeful of blood was taken from a superficial arm vein, and a free growth of staphy- 
lococci was obtained. Blood now R.C. 3.5 million, Wh.C. 14,000, mainly polynuclear. On the 
22nd the T. was again normal. 

During the attack of fever the diminution in the size of glands was most marked, and far 
surpassed the slight change resulting from the exhibition of arsenic. He had a second febrile 
attack on November 8th lasting until November 15th, when blood showed R.C. 4,500,000, 
Wh.C, 25,000, still polynuclear in the main. 

On November 18th glands again enlarging. 

Without giving full details, | may say that the glands slowly increased, the rash became 
again prominent, and the dyspnoea severe. On December 8th the R.C. were 3,500,000, the 
Wh.C. 50,000, still mainly polynuclear. 

He unfortunately contracted measles and died. 

P.-M.—The lymphatic glands in the situations noted during life are greatly enlarged. In 
the mediastinum the glands are fused together, as is the case also in the lumbar glands. ‘The 
spleen is enlarged, no nodules present. Nodules of growth are present in the liver and kidney on 
microscopical examination. 

The bone marrow is normal. 

The mucous membrane of the larynx and trachea shows a uniform thickening ; in the 
aryteno-epiglottidean folds are two localized nodules the size of peas. 

Histological examination of the lymphatic glands reveals an increased stroma, an 
accumulation of lymphoid cells, occasional giant cells, but no signs of necrosis. Eosinophil 


cells are present in some number. 


Case II 


Henry K., aged 28, porter, was admitted under my care on February 18th, 1898, 
complaining of cough. There is no special point in the family history. Has always been 
healthy. No history of venereal disease. His fatal illness began with a dry cough about Christmas, 
1897, and the enlargement of the glands was first noticed in January, 1898. He is thin, ears 
cyanotic, cheeks flushed, skin over chest oedematous, temp. 100°. 

The glands on both sides of the neck, the suboccipital glands, the axillary and inguinal 
groups are enlarged ; in part the glands are fused, and somewhat fixed on the deep tissues. In 


one area a gland has become adherent to the skin, which is reddened. 
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Red corpuscles, 5,000,000 ; white, 31,000, mainly polynuclear. Eosinophil cells are not 
in excess of the normal. He has a troublesome cough, profuse frothy muco-purulent expectoration, 
no tubercle bacilli. There is some evidence of pressure upon the left bronchus. 

Some dulness beneath manubrium sterni. 

The remaining organs were normal. 

The dyspnoea became severe, but Dr. Hunr reported the larynx and trachea to be 
normal. 

This man, too, was treated with arsenic, but without avail, and he died suddenly on 
April 5th. 

P.-M.—The morbid appearances are practically the same as those of Case I. 

General eniargements of the lymphatic glands are not in my experience very common, and 
it has seemed to me that of late years they have become still less common. 

The explanation of this increasing rarity, if it be true, is difficult, and I shall not attempt 
it, but it affords me one ground for bringing the subject forward. A second and more important 
feature is the obscurity which veils the exact pathology and diagnosis of these affections. 
In CuirForp ALiButt’s ‘System of Medicine,’ under the heading of Pseudoleukemia, or 

Hopckxin’s Disease, I find the following synonyms given : anzmia lymphatica, anzmia splenica, 
lymphadenoma, lympho-sarcoma, cachexia without leukemia, malignant lymphoma, desmoid 
carcinoma. 

No doubt a certain number of cases have been of late severed from the category of 
pseudoleukzmia by the recognition of their specific infective cause, and this may, to some extent, 
account for the real or apparent diminution in the number of cases that I have already referred to. 

The general enlargements of the glands which may still be confounded are the following : 
lymphadenoma, lympho-sarcoma, acute tuberculosis of the lymphatic glands, and lymphatic 
leukemia. 

I exclude from consideration true sarcoma of the lymphatic glands, and thus clearing the 
ground we are met with the question—Are lympho-sarcoma and lymphadenoma distinct diseases ? 

HaMILTon* states that they are essentially different, though often confounded. 
DrescHFELDt holds that they are one, and he draws a very interesting and striking comparison 
between malignant lymphoma and the acute and chronic manifestations of tuberculosis. 

The histological examination of glands from both cases—both from the clinical standpoint, 
I mean—affords us no help. In both cases we find an increase of the lymphoid cells, an overgrowth 
of fibrous tissue, and more or less numerous giant cells. The softer glands differ mainly from the 

harder variety in the greater number of leucocytes present. In both forms there is little or no 
tendency to caseation or necrosis, an important point in the differential diagnosis from tubercle of 
the glands. 

A further point, if it be confirmed, is the statement by GoLpMann,{ that in malignant 


lymphoma eosinophil cells are present, whereas in tubercular glands they do not occur. These 


* *Text-book of Pathology,’ vol. 1. t‘Centralbl. f. Allg. Path.,’ 1892. 
+‘Brit. Med. Journal,’ 1892, vol, i, 893 ; ‘Deutsche Med. Wochensch.,’ 1890. 
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cells were present in both my cases (specimen exhibited). I return to the question of the identity 
of lympho-sarcoma and lymphadenoma. 

From the clinical standpoint two features stand out which deserve careful investigation. 
In the first place the rapid enlargement of the glands in lympho-sarcoma leads to considerable 
periglandular inflammation, or, as others say, the growth infiltrates the surrounding tissue, and as a 
result the glands become fixed to one another, the deep tissues, and the skin. 

In lymphadenoma, where the growth is slow, this does not occur, and the glands remain 
isolated and movable for months and years. 

Again, in lymphadenoma there is no leucocytosis, except, of course, during the occasional 
pyrexial attacks, when it is polynuclear in type. In lympho-sarcoma a slight excess of leucocytes 
is constant, the greater number of them being mononucleated and small. It must be remembered 
that in lympho-sarcoma occasional pyrexial attacks are not uncommon, and in such attacks the 
mononuclear leucocytosis is replaced by a polynuclear variety. This is of interest in connection 
with the often noted diminution in the tumours during the rise of temperature. Both features 
were well seen in my first case. 

A further point, also illustrated by my first case, is the occurrence of skin lesions, 
which, so far as I know, have not been noted in cases which we are accustomed to term 
lymphadenoma. 

It will be seen that I agree rather with Hamitron than with DrescHFELp in distinguishing 
between lymphadenoma and lympho-sarcoma. ‘The differential points I have enumerated may 
appear individually very trivial, but when combined they seem to me important. I agree, 
however, with DrescHFELD in recognizing the resemblance shown by these formations to 
inflammatory formations rather than true new growth, and the suggestion arising therefrom of 
specific infective agents. | 

Although the specific agents have not been determined, yet the search for them has borne 
fruit, in that some cases resembling lymphadenoma in their clinical course and anatomical 
structure have been proved to be due to the Baci/lus tuberculosis ; and in others the pyrexial attacks, 
in some Cases, at any rate, have been assigned to their true cause—a secondary infection. In my 
first case the pyrexial attack was due to a staphylococcic infection, secondary in character ; and I 
think that in all probability the cases reported by TRaversa,* Lannots, and ERroux,t were 
similarly secondary infections. 

KeiscH and VaitLarp{ found a short motile bacillus, both in life and post-mortem ; 
experimental inoculations gave a negative result. 

DrescHFELD§ has recorded a case in which a short bacillus was found post-mortem in 
the kidney ; no cultivations, however, were made. 

As I have said, therefore, the organisms of these affections yet await their discoverer. 

Acute tuberculosis of the lymphatic glands is very rare, and usually presents rapid caseation 


and necrosis, with abundant periadenitis and skin implication. No direct observations, so far as I 


* ¢Riforma Med. Napoli, 1893, t. ix, p. 96. } ‘Annales de I’Instit. Pasteur,’ 1890, t. iv, p. 276. 
+ ‘Lyon Medic.,’ 1890, No. 34. § Loc. cit. 
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know, have been made upon the blood, but I should expect a polynuclear leucocytosis of the 
ordinary inflammatory type. 

Lymphatic leukemia is also a rare disease, and the marked excess of lymphocytes renders its 
diagnosis easy. “The glands remain isolated, and the skin is not involved. 

I would suggest that in all cases of general glandular enlargements we should adopt, in 
addition to the routine clinical investigation, a careful blood examination, histological and 
bacteriological, and further, excise a gland, not so much for histological as for experimental 
inoculation. In this way, I think, we may make some progress towards a better knowledge of this 
still vexed question. 

In conclusion, I shall tabulate briefly the points which, in my opinion, should guide us at 
present in grouping our cases. 

Acute tuberculosis of glands.—Matting of the glands, softening thereof and adhesion to the 
skin ; an early and usual course. Leucocytosis of the ordinary inflammatory type. Lesions in the 
skin practically unknown. 

Lymphadenoma——The glands remain isolated and non-adherent for months and years. 
Blood shows simple anemia without leucocytosis, except when T. present; then it is of the 
usual inflammatory type. Skin lesions not known. 

Lympho-sarcoma.—Glands soon run together and infiltrate tissues. Leucocytosis of 
mononucleated cells. Skin lesions common. 

Lymphatic leukeemia.—Glands remain isolated, leucocytosis well marked, mononuclear cells. 

In all cases enlargement of spleen, anamia, hemorrhages, irregular fever, and various other 


symptoms may be present. 
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anD DisEasEs OF THE CHEST 


Pirate XIII 


On the 26th of April, 1898, one of us (Dr. BrapsHaw) read before this society an 
account of a case in which the urine contained a very large quantity of a form of proteid, which 
was shown by its chemical reactions to be related to the class of bodies known as albumoses.t 
The main facts of the case which were then reported, and its subsequent history until the death of 
the patient, were briefly as follows. 

A man 70 years of age, a respectable shopkeeper in Liverpool, noticed about the end of the 
year 1896 that he passed milky urine from time to time. In August, 1897, systematic examinations 
of the urine were instituted, and it was found that it always contained a large but variable amount 
of a proteid body which was coagulated by a temperature below 60° C., and yielded other 
reactions which served to identify it with the peculiar albuminous body which was first described 
by Bence Jones in 1847, and is now commonly known as albumose.{ 

Beyond the fact of the presence of this remarkable body in the urine there was at first 
nothing to suggest that the patient was the subject of any serious disease. All the ordinary 
indications of renal disorder were wanting, and for some months there was nothing in his 
circumstances or condition which afforded any clue to the significance of the remarkable condition 
of the urine. An examination of the literature, however, showed that the kind of albumosuria 
described by Bence Jones had been observed in six cases in all, and that in every instance it had 
been found to be associated with an affection of the bones of the trunk. ‘This affection had been 
at first regarded as a form of osteomalacia ; but the more recent observers had found that it was a 
form of multiple myeloma, a disorder in which the bones undergo absorption, and become 


attenuated in consequence of the development of a new growth which originates in the marrow 


* Reprinted from the ¢ Medico-Chirurgical Transactions,’ vol. 1xxxii. 
+ T.R. Bradshaw. ‘A Case of Albumosuria in which the Albumose was spontaneously precipitated.’ ‘ Med.-Chir. Trans., 
1898, p. 259. 
t Bence Jones. ‘On anew Substance occurring in the Urine of a Patient with Mollities Ossium,’ ‘Phil, Trans, of the Royal 
Society,’ 1848. 
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spaces and spreads outwards, causing absorption of the hard parts of the bone. In the few instances 
in which albumosuria had been found in connection with multiple myeloma, the existence of the 
latter had only been recognised on the post-mortem table ; it had never been suspected during the 
patient’s life; but the records of these cases led Dr. BRapsHaw to suspect that this might be a 
case of multiple myeloma, and to watch carefully for the advent of local indications of bone disease. 
This suspicion was strengthened when, near the close of 1897, the patient complained of severe 
pains and tenderness about the ribs, sternum, and back, and it became almost a certainty when, 
early in 1898, there appeared obvious signs of diminished rigidity of the bones, consisting of an 
unnatural yielding of the chest walls to the pressure of the hand or the stethoscope, curvature of 
the spine, and subsequently spontaneous fractures of the ribs. During the progress of the case there 
were remarkable remissions in the intensity of the symptoms, both local and general. In January, 
1898, the patient was unable to leave his bed on account of the pains, and suffered from a severe 
attack of bronchitis, followed in February by pneumonia affecting one lung and accompanied by 
rusty sputum. For some days he seemed to be im extremis. After this he gradually improved ; 
the pains subsided almost entirely, the lungs cleared up, and in the spring he went to reside with 
friends in Cheshire, and for two or three months was able to get up and down the stairs and to take 
short walks out of doors. About the middle of July the pains returned with great intensity, and 
he was unable to leave his bed ; deafness was noticed on one side, uncontrollable vomiting came 
on and he died, apparently from exhaustion, on August 10th. ‘The peculiar character of the urine 
persisted till the end, but a specimen passed a few days before the fatal issue contained a little 
albumin in addition to the large quantity of albumose. 

Owing to the death having taken place in a private house some valuable time was lost 
before arrangements could be made for removing the remains to a mortuary and holding an 
autopsy. A limited examination only was permitted, but it was amply sufficient to confirm the 
diagnosis made during life. 

The following are the chief points of the necropsy, which was made by us 59 hours after 
death. There were also present Dr. James Barr, Mr. W. T. Tuomas, and several other 
practitioners who were interested in the case. 

Externally there were no indications of decomposition. Rigor mortis was present. On 
removing the integument from the thorax a small quantity of subcutaneous fat was found. 

The whole bony framework of the thorax, the sternum, ribs, and vertebrz, presented a 
striking departure from the normal. ‘The bones were so brittle that they could be broken by a 
slight pressure with the finger, a condition more noticeable in some spots than in others, and there 
were several complete fractures which had doubtless occurred during life. On the right side 
the VIth rib was found broken across about 3 inches from its cartilage, and there was an 
incomplete fracture of the VIIth rib in a corresponding situation. The VI1Ith rib presented a 
slight irregularity which seemed to be due to a fracture which had united. On the left side the 
Vth and VIth ribs were broken about half an inch from their cartilages. 

The change was very pronounced in the sternum, which broke while it was being removed. 


The gladiolus contained a large irregular cavity filled with a red mass resembling splenic pulp, 
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which was easily squeezed out by slight pressure on the bone. ‘This cavity corresponded to the 
position of a spot of great tenderness which had been especially noticed several months before 
death. 

There was a remarkable backward curve of the dorsal spine, and projection forward of the 
lumbar vertebrae and the promontory of the sacrum, constituting an extreme exaggeration of the 
normal curves. ‘The degree of the curvature in the dorsal region was roughly measured by 
drawing a chord from the front of the body of the VIIth cervical vertebra to that of the [Vth 
lumbar. The body of the [Xth dorsal vertebra, where the backward projection was greatest, was 
2 inches behind this line. 

The body of the VIIth dorsal vertebra was removed ; it was soft enough to be easily cut 
with the knife. The cut surface felt soft, and presented a disintegrated appearance not unlike 
that of splenic pulp. 

The organs presented no striking abnormality. “Those in the thorax were in their usual 
position ; the pleura were free except for some slight adhesions at the apex ; the right contained 
about 1 ounce of blood-stained serum, the left about 2 fluid drachms. “There was no fluid in 
the pericardium. The lungs were normal. The heart weighed 8% ounces; the right auricle 
contained a partly decolourized plot ; the tricuspid orifice admitted three fingers ; the left auricle 
was normal ; the mitral orifice admitted two fingers ; the valve appeared to be competent, but the 
curtains were thickened ; the aortic valve was competent, and to all appearance healthy ; there 
was slight atheroma at the beginning of the aorta. 

Post-mortem changes were much advanced in the abdominal organs, especially the 
pancreas. The liver weighed 37 ounces, its surface was normal; there was no fatty change 
in its substance and no secondary growths; the hilum was free; the gall-bladder was filled 
with bile, and there were no gall-stones. The stomach, intestines, and spleen were to all 
appearance normal. 

The right kidney weighed 21% ounces. The capsule was rather too adherent, and on 
removal showed a whitish-yellow cortex mottled by distended capillaries. At the upper end a 
cyst the size of a hazel-nut was found, containing a glairy greenish fluid. At the lower end there 
was a similar cyst about the size of a pea. The cortex was much diminished, the pyramids were 
very white, the blood-vessels were not very obvious. On transverse section the outer third of the 
organ was seen to be occupied by a denser material of a yellowish-white colour. The left kidney 
weighed 3% ounces. On section it resembled the right, but the departures from the normal were 
less apparent. On the convexity there was a cyst the size of a hazel-nut. The appearance of 
the organs led us to suppose that they were able to perform their functions fairly well until the 
death of the subject. 

No enlarged glands were found anywhere, nor were any tumours observed either attached 
to bones or in any part of the body. 

A piece of the upper end of one tibia was sawn of. It appeared to be quite normal. 

An examination of the head was not allowed. 


The material reserved for further examination consisted of a piece of a rib, of a dorsal 
au 
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vertebra, and of the sternum, some of the gelatinous marrow-like substance in the sternum, and 
pieces of kidney. 

On the same day some of the fresh marrow-line substance was extracted with a weak 
sodium chloride solution. The extract gave a marked albumose reaction with nitric acid and 
a turbidity with hydrochloric. Unfortunately the rest of the marrow-like material was by 
inadvertence placed in weak formalin solution, with the result that the proteids were rendered 
insoluble, and so their coagulation points could not be taken. As far as it went, the evidence 
pointed to the soft material in the bones containing the same substance as was found in the 
urine. 

The piece of rib exhibited, preserved in formalin, shows that the bone is reduced to a mere 
shell about the thickness of notepaper, but its general outline is preserved. The interior is 
occupied by soft material, which, in the fresh state, was a bluish-red semi-solid pulp, which had 
taken the place of all except the most superficial parts of the bone (PI. V, Fig. 1). 

A small piece of rib, freed as far as possible from periosteum and other soft material, and 
dried in an incubator, was sent to Mr. Cortincwoop Wit1ams, the Liverpool, City Analyst, who 
kindly undertook the analysis of it for us. 

His report is as follows :— 


The quantity available for analysis was o'117 gramme. 


Organic matter One a sia 45°85 per cent. 
Mineral is oe wie Aste 54°15 a 
imoferteroy 


DESCRIPTION OF. PLATE XIII 


Fic. 1. A portion of an affected rib near its cartilage. To the right is seen the cartilage in transverse 
section ; to the left is seen the thin shell of bone, part of which has been removed so as to 
show the contained mass of new growth, which has shrunken somewhat and appears dark. 
(Nearly natural size.) 

Fic. 2. ‘Transverse section of decalcified rib. ‘The osseous tissue is greatly reduced in thickness, and is 
being invaded by the new growth which is seen iw situ. (Zeiss. obj. A without ocular.) 

Fic. 3. Section of new growth in interior of sternum. ‘The general characters of the structure are those 
of a round-celled sarcoma. (+4 inch objective.) 

Fic. 4. The same as Fig. 3, more highly magnified, showing the cells of the growth in more detail. 

( Apochromatic 3 mm. immersion objective, aperture 1.4.0, compensating ocular 12.) 

The same as Fig. 4, another part of section. 

Transverse section of decalcified bony shell of rib. 

(2) Inner aspect of shell, in contact with new growth which has become detached during 
manipulation. 

(e) External surface, with muscle attached. ‘This section gave some evidence of a retrograde 
change in the structure of the bone. (4 inch objective.) 

Fic. 7. ‘Transverse section of superficial layer of decalcified sternum. 

(4) Internal surface of osseous layer, apparently undergoing erosion. 
(z) Fragment of new growth i situ. (Zeiss obj. A without ocular.) 

Fic. 8, ‘Tangential section of dried bony shell of rib, prepared by grinding. Shows normal disposition 

of lacune and canaliculi, (Zevss obj. A without ocular.) 


Fic. 


Fic. 


foment 


PLATE XIII. 


Fic. 7. 


Adlard & Son, Imp- 
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Composition of ash :— 
Ca: a 36°62 
PO, «.. 55°59 
Insoluble in HCl .... 5:10} Proportion of CaO, to P.O; 
Not estimated 2°68 { eae! 
10000 
If we make due allowance for the fact that no special precautions were taken to remove 


the fat, the proportion of organic to inorganic constituents does not depart greatly from the normal. 


MicroscopicaL ExaMINATION 


The length of time which had elapsed since the death of the patient made the histological 
examination in some respects less satisfactory than we should have wished. 

A piece of rib was preserved in 4 per cent. formol solution, and portions of the gladiolus 
and vertebra in MULLER’s fluid. 

Thin slices of the dried bones were kindly prepared for us by Mr. J. A. Woops, L.D.S., and 
were mounted in Canada balsam. 

The gelatinous marrow-like substance.—T his was studied by means of cover-slip preparations 
fixed with absolute alcohol and ether, and stained in various ways, viz., methylene blue, eosin, and 
logwood and eosin, and also in sections ; part of the material was fixed by saturated solution of 
perchloride of mercury, part in MUrver’s fluid, hardened in alcohol and embedded and cut in 
parafin. ‘The sections were then stained by the above-named dyes, and also by picro-carmine and 
borax-carmine. 

The marrow-like substance was also studied 7m situ in sections of the bone which had been 
decalcified by means of a solution of phloroglucin in 5 per cent. nitric acid. 

By these means it was found that the cancellous spaces of the ribs, sternum, and vertebra 
were densely packed by a round-celled growth. This growth invaded the bones along the 
vascular channels, which were considerably dilated, so that islets of bone appeared embedded in 
the mass of cells. 

The cells were almost entirely of the lymphoid variety, a single large nucleus being alone 
visible in the majority. 

A few oval or spindle cells were seen infrequently, but no myeloplaques or eosinophile 
cells were found. Red blood corpuscles appeared in considerable numbers, but were never 
observed to be nucleated. In addition to the lymphocytal form of cell, larger cells with a 
considerable amount of protoplasm and either a single, double, or reniform nucleus were met 
with (Pl. XIII, Figs. 2, 7, and 8). 

The cover-glass preparations showed the same general features, including the absence 
of myeloplaques and eosinophile cells, but owing to the presence of fatty and albuminous material 
they were less satisfactory than the sections. 


The Bone.—The decalcified bone of the sternum and vertebra showed normal features ; 
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there was no transformation of bone into a lower type of connective tissue, such as has been 
observed in undoubted cases of osteomalacia, and there was an entire absence of osteoclasts. Dry 
preparations of these bones likewise showed a normal structure. On the other hand, in the rib, 
the delicate bony shell, which was cut in transverse section, appeared to have undergone 
retrograde changes; the normal lacunz and canals were feebly represented, and where present 
were irregular in shape and distribution. On the inner surface they seemed to have entirely 
disappeared, and that part of the bone had a fibrous and at the same time dotted structure 
strongly suggestive of a reversion to a fibrous connective tissue. Indeed, the recognition of the 
tissue as bone would not have been easy had the facts of the case not been already known 
(Pye Xx Wices |: 

Owing to the thinness of the bony shell it was impossible to prepare a dry transverse 
section of the rib so as to compare the inner and outer parts. A dry tangential section showed a 
perfectly normal arrangement of lacunz and canaliculi (Pl. XIII, Fig. 6). 

Kidneys—The microscopic appearance was practically that met with in the milder forms 
of chronic interstitial nephritis; the connective tissues showed at places proliferation, and the 
cells of the tubules were found to be in a granular degenerated state, and occasionally lying free 
in the lumen. 

Summary of the morbid anatomy.—As far as the limited examination which was permitted 
enabled us to ascertain, the characteristic lesions were confined to the bones of the trunk, but it 
is possible that the cranial bones were affected in a similar way. These lesions consisted in a 
disappearance of the osseous tissue, beginning centrally, and the growth in its place of a soft 
vascular mass of undifferentiated round cells. ‘The remaining osseous tissue of the rib appears to 
have undergone retrograde changes, but that of the other bones shows normal characteristics, 
from which we infer that the primary lesion was the invasion by the cellular growth. ‘There 
is no evidence to suggest the existence at any time of primary disease of the kidneys, the changes 
found in these organs being such as can be accounted for by the irritation arising from the 
passage through them of the abnormal material which they excreted for many months. 

It is obvious that the histological characters of the growth in the interior of the bones 
merely show that it consists of embryonic cells which have undergone little or no differentiation, 
and are separated by a very small amount of intercellular substance. It might, therefore, 
be regarded, anatomically, either as a round-celled sarcoma, a lymphoma, or a granuloma. 
Clinically, its progressive development and fatal issue seem to entitle it to rank with the malignant 
neoplasms ; but it differs from them in remaining strictly limited to one kind of structure and 
not spreading, either to contiguous parts or to distant organs. The cellular mass has originated 
apparently in the cancellous tissue or marrow spaces of the ribs, sternum, and vertebra, and by 
its proliferation has caused absorption of the earthy salts and the proper tissue of the bone. 

When we come to consider the pathological relationship of this condition we find that, 
apart from rickets, which only affects the growing bone, cases of extreme flexibility and brittleness 
of bone fall into two great divisions. On the one hand, we have those in which the essential 


pathological change is a simple absorption of the earthy salts—the Halisteresis Ossium of some 
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authors, a process which, when it affects the skeleton as a whole, constitutes the disease known 
as osteomalacia or mollities ossium. On the other hand, we have the cases in which absorption 
of the hard parts of the bone is due to its invasion by some kind of new growth, a condition 
which, when it occurs locally, is familiar to surgeons as myeloid sarcoma. 

Within the last quarter of a century pathologists have come to recognise a more or less 
generalized absorption of the bones, arising from the simultaneous development of new growths 
in the bones in various parts of the body. ‘This condition was first described as a distinct disease in 
1873 by von Rusrizky, of Kiew,* under the name of multiple myeloma, a designation under 
which several cases of multiple bone tumours have been recorded since. ‘There can be no doubt 
that cases of multiple myeloma have been confounded with osteomalacia. The differential 
diagnosis between the two diseases is probably not always possible during life, but, as a rule, their 
clinical pictures are sufficiently distinct. Osteomalacia is almost confined to young women, often 
coming on in connection with pregnancy. All parts of the body are implicated—the extremities 
in a marked degree—with the result that the patient is soon confined to bed. The bones are often 
bent into most fantastic shapes, but actual fractures are few. Multiple myeloma, on the contrary, 
mostly occurs in men in the latter half of life ; the bones of the thorax are those chiefly affected ; 
the patient is able to leave his bed until near the end, deformities are not extreme, and fractures 
are common. 

We have compared the microscopic sections in our case with sections from a case of 
undoubted mollities osstum which occurred in the Liverpool Royal Infirmary in 1880.t ‘The 
sections were made by Mr. F. IT. Pauz, who has kindly placed them at our disposal. In our 
case, as we have already shown, the interior of the bone is occupied by a cellular mass which is 
invading the hard parts. In Mr. Paut’s specimens the cavities of the bone are occupied by what 
seems to be marrow, judging from the presence of large myeloplaques, and around this we find a 
layer of dense fibrous tissue, which seems to represent the bony tissue from which the salts have 
been removed. Briefly stated, it appears that in osteomalacia the bones are softened owing to loss 
of earthy salts ; in multiple myeloma the osseous tissue is atrophied without any obvious change in 
its chemical composition. In the one case the bones bend, in the other they break. 

The morbid anatomy of multiple tumours in the bones differs in different cases, and the 
records leave us uncertain whether the descriptions of multiple myeloma may not refer to two or 
more varieties of disease. “There is, however, one circumstance which serves to differentiate these 
cases of bone disease into two distinct categories, namely, that some were attended by albumosuria 
and some were not. 

In this communication we will confine ourselves to cases in which albumosuria was 
observed, and of these only six well-attested instances were on record when the present case was 
first communicated to this society in April last year. ‘The leading features of these cases will 


now be considered. 


* n Rustizky : ‘Multiples Myelom. Deutsch. + Specimens preserved in the Pathological Museum 
J. vo y P y P P g 
Zeitchr. f, Chirurgie’, Band iii, s. 163, 1873. of University College Liverpool. 
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I. Macintyre and Bence Jones’s case.* A description of the urine was communicated 
to the Royal Society by BENcE Jones in 1847, and the whole case was brought before the 
Royal Medical and Chirurgical Society by Dr. Mactnryre in 1850. 

A man 45 years of age suffered from excruciating pains in the chest, back, and loins 
for upwards of a year. The progress of the disease was not uniform, but striking temporary 
improvement was noticed from time to time. There was tenderness on percussing the chest, but 
no deformity was observed. ‘The urine contained the albuminous body which we now call 
albumose, and gave reactions which had never been recognized before, but which were described 
in detail in the paper read before this society last April, and need not now be repeated. There 
was no suspicion during life that the bones were the seat of any morbid affection. 

At the post-mortem examination all the ribs were found to be soft and brittle. ‘They 
could be readily cut with a knife, and could be broken by a very moderate amount of force. 
Their interior was charged with a gelatiniform substance of a blood-red colour and unctuous feel. 
The sternum and the bodies of the vertebra were similarly affected, but the bones of the 
extremities were not affected, and the kidneys were healthy. 

‘The microscopical examination of two lumbar vertebrae and a rib was made by Mr. 
DatrympLE, whose description corresponds very closely with our case.t He says, ‘The disease 
appears to have commenced in the cancellated structure of the bone, for the external osseous 
laminz are firmer and more healthy than the internal. The external are still hard, requiring the 
exertion of some force to cut them; they are thin, however, and when sliced expose large 
cancellous cavities filled with a red gelatiniform substance, threaded here and there by fine bony 
fibres.” The bulk of the gelatiniform tissue was composed of nucleated cells, but there were also 
present granular matter, oil globules, fat cells, caudate cells, and blood cells. It is worth noting 
that there is no mention of multinuclear myeloid cells. The condition was regarded as a form of 
mollities ossium ; but Mr. DatrympLe makes the shrewd remark that it bears some resemblance 
to a malignant disease of the bone, and in the light of subsequent research we shall hardly be 
wrong in concluding that this was in reality a case of multiple myeloma. 

II. The second case, Ktune’s,f{ observed in 1867, was that of a man aged 40, whose 
urine contained the body described by Bence Jones. Deformities and other indications of an 
affection of the bones of the trunk were observed during life, and the diagnosis of osteomalacia was . 
made, but no post-mortem examination was obtained. 

III. The next case, which was investigated by Kanier and Hupperr,§ was that of a 
medical man who died in 1887 at the age of 54, having been ill about 8 years. The symptoms 
were, for the most part, pain and tenderness, and, later, deformities in the bones cf the trunk. 


Albumose was recognized in the urine for 6 years before the fatal termination. 


* William Macintyre. ‘Case of Mollities and Fragilitas Ossium accompanied with Urine strongly charged with Animal 
Matter. Med.-Chir. Trans.,’ 1850, p. 211. Bence Jones, Joc. cit. 

‘+t John Dalrymple. ‘On the Microscopal Character of Mollities Ossium. Dublin Quarterly Journ. of Med. Sci.,’ 1846, p. 85. 

ft W. Kiihne. ‘Ueber Albumose im Harne. Zeitschr. f. Biolog., N.F., Bd. i, 2883, s. 210. , 

§O. Kahler. ‘Zur Symptomatologie des Multiplen Myeloms: Beobachtung von Albumosurie. Praget med. 
Wochenschrift,’ 1889, N. 4,5. H. Huppert. ‘Ein Fall von Albumosurie,’ ibid. 
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The post-mortem examination showed the existence of softening of the ribs, sternum, and 
vertebrae. Microscopically the condition was found to be :—extreme osteoporosis with formation 
of numerous Howsnip’s lacunz, determined by the multiple proliferation of a tissue consisting of 
rather large round cells (round-celled sarcoma, so-called myeloma). 

In this case several bony tumours were found in connection with various affected bones. 

KaHLER’s paper contains an exact clinical picture of the case. The diagnosis made during 
life was osteomalacia; but the author suggests that the occurrence of albumosuria might, in future, 
serve to distinguish multiple myeloma from osteomalacia. 

IV. The next case was under the care of Srokvis, of Amsterdam, and was published in 
1891.* There was albumosuria but no indication of bone affection during life. After death, 
however, the bones were found highly brittle, and the place of the marrow was taken by a red 
gelatinous mass. 

There were also in the connective tissue, the muscles, the periosteum, and the serous 
membranes numerous dry firm tumours of yellowish-white colour. Unfortunately, no 
microscopical examination was made, and it is quite possible that the tumours scattered about the 
body had nothing to do with the growth in the bones. In this case it is stated that the humerus 
was affected. The kidneys contained some chalky deposits, but appeared to be normal in other 
respects. 

V. The next case was observed in the clinic of Srrnrzinc, of Jena, in 1895.t The 
patient was a man aged 61, who presented marked deformity, the back being in a position of 
extreme kyphosis, and the head sunk between the shoulders. Pains in the back and the chest 
were severe. The urine was investigated with great care by Professor Marrues,{ of Jena, who 
came to the conclusion that the albumose which was present was really a body distinct from 
digestive albumoses, and, indeed, from all other bodies known to chemistry. The diagnosis made 
during life was osteomalacia. “The post-mortem showed that there was extreme softening of the 
bones confined to the trunk, the enlarged marrow spaces being occupied by a dark bluish-red soft 
tissue. Microscopic examination of a piece of affected rib gave the following result :— 

The compact tissue was wanting in places. Where it was present it was very much 
thinned, and contained numerous wide, irregular lacune, filled with a vascular spindle-celled 
tissue. Beneath the compact tissue, and replacing it where it was wanting, was a zone of tissue 
consisting of closely packed round cells, intersected by irregularly running bands of spindle-cells. 
It was of unequal thickness, and projected unevenly into the marrow. In it were some rather 
large islets of cartilage and numerous necrotic patches, which stained feebly and uniformly and 
were free from cells and lacune. The microscopic diagnosis was therefore given as 
chondro-sarcoma. 


VI. All the foregoing cases were men. ‘The sixth case was a woman aged 36, who was 


* Zeehuisen. ‘Ueber Hemialbumosurie. Jahresber. f. Thier-Chem.,’ Bd. xxi, s. 412 ; Bd. xxii, s. 525 5 and Bd. xxiii, s. 577. 

+ Seegelken. ‘Ueber Multiples Myelom und Stoffwechseluntersuchungen bei derselben. Deutsch. Archiv f. klin. Med.,’ 
Bad. lviii, 1897, s. 276. 

~ M. Matthes. ‘Ueber Eiwess-Korper im Urine bei Osteomalacie. Verhandl, des Congress, f, innere Med.,’ xix, 
Neumeister. ‘ Lehrbuch der phys. Chem.,’ Aufl. ii, 1897, s. 804. 
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under the care of Professor SENATOR, and died in October, 1897.* She suffered from severe 
pains in the chest and back, and paralysis of one of the hypoglossal nerves. No deformities appear 
to have been noticed, and the diagnosis was nephritis with albumosuria. "The post-mortem 
showed the presence of a new formation in several of the ribs proceeding from the medulla and 
regarded as a myelogenous round-celled sarcoma. ‘The kidneys were amyloid. 

A case reported by Nort Patron and Byrom BRaMWELL was, at one time, believed by 
Professor Huppert to belong to this class. In the former paper the author (Dr. BRapsHaw) 
expressed doubts as to the correctness of this view, and quite recently Professor Hupperr has 
abandoned it.t | 

In all these cases the condition of the bones was either altogether overlooked during life, or 
was considered to be osteomalacia. In KUHNr’s the absence of an autopsy leaves us in some doubt 
as to the actual condition of the bones, but it was probably the same as in the others. 

It thus appears that our case is the first published case of albumosuria in which the diagnosis 
of multiple bone tumour was made during life ; and further, that it is the first case in which the 
diagnosis made during life has been confirmed by the post-mortem examination. 

Quite recently one of us (T. R. B.) has been informed by Dr. Recrnatp H. Frrz, of 
Boston, of another case not yet published, in which the diagnosis was made during life and 
confirmed by the autopsy. A brief reference to this case will be found in a paper read before the 
Association of American Physicians last May.} 

The records of the six cases we have given in detail show a general resemblance in their 
morbid anatomy, and this resemblance is shared by the case we have described ourselves. “The 
appearances are by no means identical, and we find in the records of cases where no albumosuria 
was observed descriptions of microscopical appearances indistinguishable from those described in 
the records of the cases we have quoted.§ ‘This is, perhaps, to be expected, since round-celled 
formations may undergo various degrees of evolution, as we observe taking place in various kinds 
of sarcoma. It seems to us that the mere microscopical characters of the growths do not by 
themselves form any sound basis of classification ; but we maintain that, in spite of their observed 
differences in structure, the occurrence of albumosuria entitles these cases to be placed in a category 
by themselves. 

‘That a morbid process taking place in a region remote from the kidneys should be associated 
with the presence in the urine, for a long period, of large quantities of a substance which it does not 
contain in any other circumstances, is a rare event in pathology. ‘The presence, however, in such 
a condition, of a substance not only foreign to normal urine, but unknown to the pathological 
chemist in any other connection, is probably without a parallel. The most obvious analogy, 
though it is only a remote one, is the occurrence of sugar in the urine in association with disease 


of the pancreas ; but, in that case, we have only to deal with a familiar chemical substance which is 


* Rosin. ‘ Ueber einen eigenartigen Eiweiss-Korper im Harne, &c. Berliner klin. Woch.,’ 1897, No. 48. 

+ Huppert. ‘Ueber den Noel-Paton’s chen Eiweiss-Korper. Centralb. f. d. med. Wissensch.,’ 1898, No. 28. 

{ R.H. Fitz. ‘The significance of Albumosuria in Medical Practice, &c. Amer. Journ. of the Med. Sciences,’ July, 
1898, p. 30+ 

§ F. Parkes Weber, ‘ General Lymphadenomatosis of Bones, &c. Journ. of Path, and Bact.,’ January, 1898, 
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known to take part in the normal metabolism of the body. The occurrence of the albumose 
cannot be looked upon as an accident ; when it is found at all it is present for months, or even 
years, and persists until the close of the case. We venture, therefore, to maintain that cases of 
bone disease with albumosuria must be placed in a different category from those in which this 
symptom does not occur; that albumosuria with bone disease is a distinct pathological entity, 
which is probably as far removed from other forms of multiple myeloma as the latter are from 
osteomalacia. If this be granted, it is desirable to give a name to the condition which will serve 
to mark its identity ; and we offer the term AZyelopathic Albumosuria as one which expresses the 
leading features of the disorder without implying the acceptance of any debatable theories as to its 
nature. 

We may be permitted to recall the fact that we owe the earliest recognition of this disease 
to a Fellow of the Royal Medical and Chirurgical Society, and that it was before this society that 
the completed record of the first case was laid. Half a century elapsed before its occurrence was 
observed again in any part of the British dominions, and it seemed appropriate that when the 
second case appeared it should also be communicated to this society. But though history repeats 
itself, it never repeats itself exactly ; and while the case presented fifty years ago was the first 
observed, the case which has been presented now is the first in which a correct diagnosis has been 
made during life and confirmed by examination after death. We venture to express the hope that 
the association of the society with the clinical history and the pathology of this remarkable disorder 
will not end here, but that before the next half-century has passed away one of the Fellows may 
be in the position to point out the causes which give rise to myelopathic albumosuria, and, perhaps, 
to indicate some means of arresting its course. 


(For report of the discussion on this paper, see ‘ Proceedings of the Royal Medical and Chirurgical Society,’ Third Series, 
vol, xi, p. 81.) 
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REPORT OF THE SCHOOL OF PHYSIOLOGY 
YEAR 1899 


Since the opening of the Department at the occasion of Lord Lisrer’s visit much has 
needed to be done to place the Laboratory in a position for full employment of its resources. 
Various fittings, incomplete at that time, have been now arranged and fixed. Lectures and 
practical classes now enjoy an accommodation and facilities they never before possessed with us. 
It has been gratifying to notice the increased ardour of the student, no doubt traceable to this 
cause. In addition to the teaching work and the considerable labour involved in adequately 
installing the rooms, some work of an investigational character has been proceeded with. ‘There 
are, at present, however, no funds available to meet the expenses of such work. ‘This is a matter 
of regret. The worker who is competent to pursue original investigation does not seem to expect 
to have to devote his own purse, as well as his own toil and time, to his subject. His view appears 
to me a fair one, and in no other country than our own is such a demand made from him. If he 
is capable and willing the expenses of his work, to the extent of providing him with the material 
and apparatus for its execution, are liberally and gladly provided by his University or the State, 
these, in most cases, being the same thing. We have, in the PHystorocicaL DEPARTMENT, had a 
number of offers from workers desirous of pursuing investigational study ; but on hearing that the 
expenses must be met by themselves, even to the extent of supplying their own material and 


re-agents, the conditions have seemed too unfavourable for acceptance. 


THE DEPARTMENT OF HISTOLOGY 


The DrEparTMENT oF HisroLoGy was more especialy under the charge of Mr. E. E. 
Las.etT, formerly Holt Fellow in Physiology. Mr. Lasterr during his tenure of the Assistant 
Lectureship, besides superintending the class work, prosecuted research. He published in the 
‘Lancet,’ of August, 1898, a ‘Note on a Modification of the WeicERrT-PaL Process of Staining 
applicable to Paraffin Sections.’ Also he investigated, in conjunction with Dr. W. B. Warrincron, 
the pathological anatomy of a spinal case of much neurological interest. “The results obtained 
in the work have appeared in ‘ Brain,’ the Journal of the Neurological Society, under title ‘ Note 


on the Ascending Tracts in the Human Spinal Cord,’ Winter No., 1899. 


THE DEPARTMENT OF CHEMICAL PHYSIOLOGY 


The DrparrmMent oF CHEMICAL PuysioLoGy has been chiefly concerned with the 
instruction of students. Original investigation in this branch is particularly expensive, especially 
as in England—in contradistinction to continental countries—-absolute alcohol cannot be obtained 


free of Excise duty for laboratory purposes. 
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On two occasions the advice of the Department has been sought regarding the composition 
of certain foodstuffs; and, obviously, it could be of practical assistance in many questions of 
municipal and commercial interest, e.g. the composition and physiological value of new foodstuffs, 
fruits, &c., or the pharmacological value of samples of variable drugs like ergot, digitalis, cannabis 


indica, &c., or of new drugs. 


THE DEPARTMENT OF PHYSICAL PHYSIOLOGY 


The DeparrmMent oF Puysicat Puystotocy has also devoted most of its attention to the 
students ; but Mr. J.S. Macpona_p, the Assistant Lecturer on the subject, has also been engaged 
in active original research, the results of which, it is hoped, he will publish in an early number of 
these reports. 

Most work has, however, been spent on the preparation for the systematic lectures, which 
have, indeed, been more of the nature of lecture-demonstrations. ‘The time spent has been very 
considerable, but now that the course with its experiments has been once arranged, it will require 
to be varied only in small details from year to year, and much more leisure for research will be 
possible. Besides the ordinary course of lectures, another specially adapted for teachers has been 
given. For the first time also ladies, of whom 3 attended the ordinary and 1 the teachers’ 


course, have been admitted to lectures on Physiology during this session. 


REPORT OF THE SCHOOL OF PATHOLOGY 


The beneficial effect of the increased accommodation given by the new laboratories has 
been very fully demonstrated during the past year. The Corporation of the City of Liverpool, 
and other public bodies, make full use of the increased facilities, and the School of Tropical 
Medicine is part of the Pathological Laboratory. ‘The wiseness of devoting the major part of 
the Laboratory to research has been fully demonstrated by the number of senior workers who 
availed themselves of the great facilities placed for the first time at their disposal. Many friends 
of the College have been stimulated to help the work of the Laboratory. 

Dr. ALEXANDER founded the Fellowship which has been named after him. Mr. Wittiam 
Jounston has still more recently founded a Colonial Fellowship, available for graduates of our 
Colonial Universities who wish to come to Liverpool to do research work in bacteriology. The 
practitioners of the district are taking more and more advantage of the special facilities offered 
them for pathological diagnosis, and the number of specimens examined has greatly increased 
during the past year, The Royal Infirmary and the Royal Southern Hospital have made 
arrangements whereby their bacteriological and pathological diagnostic work is done in the new 
laboratories. 

The work of the Pathological School has been subdivided. Each separate department has 


its own Head of Department, and, as far as possible, its own separate service. 


I. REPORT OF THE MUNICIPAL BACTERIOLOGICAL 
DEPARTMENT 


The importance of systematic bacteriological analyses of the food and water supply has 
been long recognized ; but the Corporation of the City of Liverpool was the first body in this 
country to appoint, in addition to the chemical analyst, another analyst—the present Professor 
of Pathology—whose duty it was to make regular bacteriological investigations. Other large cities 
are now following the example of Liverpool, and numerous smaller corporate bodies in the 
neighbourhood of Liverpool already largely make use of the Bacteriological Department of the 
THompson Yares Laboratories. 

The nature of the work undertaken for the City of Liverpool is as follows :— 

1. Bacterial analysis of all food stuffs sent by the Medical Officer of Health. 

2. Rabies inoculations. 


3. Bacterial investigation of anthrax, glanders, choleraic diarrhoea and suspected cholera, yellow 
fever and plague, and other infective processes where bacterial examination is considered necessary by the 
Medicai Officer of Health. 

4. Special bacteriological researches which from time to time may be considered necessary. 

5. Special diagnostic examinations required by the Medical Officer of Health, the City Hospitals, 
or, under special circumstances, by medical practitioners. ‘These examinations include typhoid fever, 
diphtheria, tubercle, &c. 

6. Special investigations in connection with the Port Sanitary and Hospitals Committee. 
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7. Daily, fortnightly, and monthly bacteriological analysis of the Liverpool water supply. Special 
investigations. 


The work undertaken by the department is, therefore, partly routine and partly research ; 
the opportunities for the latter being especially great in an important centre like Liverpool. 
The following are the directions followed out in the Bacteriological Analytical 


Department :-— : 
Tue FoLtowinc to BE Kepr Reapy tro Hanp 


Nutrient agar stock tubes. 

Carbolized (1-1000) nutrient agar stock tubes. 

Nutrient gelatine stock tubes. 

Glucose nutrient gelatine stock tubes. 

Litmus milk tubes. 

Pyrogallic acid, I oz. in 300 c.c. water, about 1 grm. in Io c.c. 

Normal caustic potash solution. 

Sterilized Petri dishes. 

Sterilized I oz. bottles with india-rubber stopper, for collecting samples of water. 

Sterilized 12 oz. bottles with india-rubber stoppers, for collecting samples of milk. 

Sterilized plugged test-tubes. 

Sterilized pipettes. 

The special agar water bath to be kept at 45° C. In this, agar tubes melted by placing them in 
boiling water are to be immersed, so that they may cool down to 45° C. and remain at that temperature 
ready for use. Gelatine tubes can be liquefied in this bath before use. 

The special bath for keeping milk tubes at a temperature between 70° and 80° C. to be one-third 
filled with boiling water every morning, and cold water added, if necessary, till it. falls to 80° C. ; a small 
flame is then to be kept burning beneath. 

To separate Spore-bearing Micro-organisms the inoculated tubes should be placed in the bath. 
A test-tube containing about 20 c.c. cold water is placed in the centre, and when the lid is put on the 
bulb of the thermometer should be immersed in the water. By this means the thermometer will show the 
temperature of the liquid inside the test-tubes. 


The tubes should be left for 15 minutes after the thermometer registers 70° C. The temperature 
will never rise above 80° C., which is the boiling point of the Benzene placed inside the double jacket. 


For Anagropic CuLTIVATIONS 

Wide mouth bottles with glass stoppers or Buchner tubes to be used, according to the number of 
tubes to be incubated, 

For each 200 c.c. air capacity of the bottle or Buchner tube pour in 10 c.c. of the pyrogallic acid 
solution by means of a funnel, and, immediately after, 1 c.c. normal caustic potash solution for each 10 c.c. 
of pyrogallic acid solution used. 

The tubes to be incubated anaerobically should be placed in the wide mouth bottle or Buchner tube 
before the mixture is poured in, and the stopper put on immediately after. 

In using a large bottle it is better to let it remain in hot water, so as to expand the air before the 
mixture is poured in and the stopper closed ; if this is not done the expansion of the air when the bottle is 
placed in the incubator is likely to raise the stopper. 


Water ANALYSIS 
For Liverpool Corporation water, or water known to be pure. 
Gelatine.—Add 1 c.c. to a gelatine tube liquefied in the bath at 45° C., and allowed to cool 
slightly. Pour into a sterilized Petri dish. 
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For a sample of water of unknown purity. 

Make dilutions 1 in 10 and 1 in 100 before inoculating the gelatine tubes. 

Count the number of colonies after 48 hours’ incubation, put the plates back in the incubator, and 
examine again on the following day to make the final estimate of the number of liquefying colonies. 

Carbolized Agar plates to be made in the same way as the gelatine plates. Examine these after 
24-36 hours’ incubation at 42° C. for the Colon bacillus. Look for and count any greyish translucent 
colonies like drops of oil. 

Milk.—Add 1 c.c. water to a litmus milk tube, heat at 70° C. to 80°C. for 15 minutes, and 
anaerobically for 18-24 hours. If the culture ‘goes’ like a culture of Bacillus enteritidis sporogenes 
inoculate a Guinea-pig with 2 c.c. of the whey. (1 cc. of whey for every 200 grs. weight of Guinea-pig)- 


Mirk Awnatysis 


With a sterilized pipette place 10 c.c. of the milk sample in a sterilized test-tube, and proceed 
in the same manner as in testing the water for Bacillus enteritidis sporogenes. 

Carbolized Agar.—Add 1 c.c. of a 1-1,000 dilution of the milk sample to a carbolized agar tube, 
and proceed in the same manner as in testing the water for Bacillus coli. 

5 c.c. of the milk sample are to be injected into a Guinea-pig subcutaneously. ‘The animal is to be 
examined after 4 weeks for enlarged glands ; if any are found examine the gland juice for the Tubercle 
bacillus. 

The remainder of the milk sample is to be kept in the refrigerator till the test for tubercle has 
been settled. 

PreservED Foop ANatysis 
Tinned Meats or Fruits or Milk. 


Note whether the top is concave. 
Incubate the tin unopened at 37° C. for 3 days. 
After 3 days’ incubation make a small hole and note whether gas escapes, and, if so, the nature of 


the smell. 
Make a larger opening in the lid and note the look of contents. Inoculate a milk tube, carbolized 
agar and ordinary agar tube, and proceed in the same manner as for water analysis. 
Sterilized Milk and Tinned Milk. 


Proceed as for ordinary milk. 
Potted Meats or Foods not hermetically sealed. 
Proceed as for tinned foods, but do not incubate first. 
SHELL-F isu 
With sterilized fine-pointed pipette withdraw some of the fluid contents of the shell and inoculate— 
(1) Carbolized agar tube. 


(2) Litmus milk tube, and proceed as for milk and water. 
With a second pipette remove some of the stomach contents, and proceed as above. 


Raw Meats, Cooxep Foon, &c. 


In all cases examine systematically for B. coli and B. enteritidis sporogenes. 
Special investigations may, however, be necessary under special circumstances. 


The number of samples taken for bacteriological analysis has increased very largely since 
1898. In that year 438 samples were analyzed ; in 1899, 664; and in the present year the 
minimum number will be 1,000. These figures do not include the cases of typhoid, diphtheria, 
and tubercle, which are very numerous. Every sample brought to the Laboratory is carefully 
entered on a special form, and a report furnished as soon as possible. “The following are examples 


of the forms used for food analyses and diagnostic reports. 
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CITY OF LIVERPOOL No. 


BACTERIOLOGICAL REPORT 


Sample or case of z % = - (Sample number ) 
Where taken = Ee = és uf e = 
Date and time of taking - = 2 e = E 
By whom taken - s 2 A = Es a 
Description of sample or case - - : = - 
Date and time of receipt at Laboratory — - - - - 
Date and time of investigation = 3 a = a} 
External temperature of atmosphere - - - - 
MetrHop EmployEp— 

(a2) Cultivation - e é a “ s 

(4) Inoculation - P es = : = 
No. oF BacreriIaA PRrEsENT—- 

Cultivated—At 21° C. = 2 £ bs 2 

faleuh Ae. - - : = = 

Species present - - - = e - ie 
REMARKS— a : e = z = e 


Date Signed 
UNIVERSITY COLLEGE 


CITY OF LIVERPOOL 


FEVER -HOSPITALS 
as No. 
BacTERIOLOGIST’s REPORT 
Hospital 
Case of 
Initials of patient 
Age 
Sex 
Number of days ill 
Date and time of receipt 
Report 


Date and time of despatch 


TuHompson Yates LaporaTorties, UNIVERSITY COLLEGE 
Signature 


REPORT TO THE MEDICAL OFFICER OF HEALTH 
OF LIVERPOOL OF ‘THE SAMPLES ANALYZED 
DURING THE YEAR 1808 


SAMPLES TAKEN FOR BACTERIOLOGICAL ANALYSIS OR EXAMINATION 


New Milk - = - 113 Potted Tongue - - I 
Condensed Milk —- - 32 » Weal and Ham = 2 
Oysters s : - 23 pect . - I 
Mussels - = es | Ham - - a 
Cockles - e = * 22 5» Strasburg Meat - I 
Periwinkles - 7 - 9 Ribs of Beef - = I 
Whelks - - = I Lard - - - I 
Shrimps (potted) —- 3 2 Water - - - I 
Salmon (tinned) - - 18 Preserved Pineapple - 2 
Lobster _,, - = s 33 Peas - 2 2 
Sardines _,, - - 8 | 55 Apricots - - 2 
Bloater Paste e: 7 2 $3 ‘Tomatoes 5 8 
Kipper Paste 3 . I 33 Plums - - I 
Salmon and Shrimp Paste —- 2 | ‘5 Damsons - = I 
Meat Paste 2 r= I | Jam S a = 2 
Gravy Soup - - I | Golden Syrup . - I 
Boiled Rabbit (tinned) - I Treacle - = = I 
Roast Mutton = es I Walnuts - = = i 
Lunch Tongue S s I | Ice-cream = - 2 
Turkey and ‘Tongue “ 2 Samples of Hay = s ‘) 
Chicken and Tongue 2 I a 
Ham and Tongue = I Tree : oan 
Ham and Chicken - = I —— 


The total number of samples examined bacteriologically was 438. They may be divided 
into five classes, viz. :— 
Crass I. Foops.—(a) Raw Foods.—Milk, Ice-cream, Shell Fish, etc. 
(4) Preserved Foods.—Tinned Milks, Tinned and Potted 


Meats, and Preserved Fruits. 
Crass II. Water. 


Crass III. Special Bacteriological Investigations. 
Crass IV. Examination for Rabies. 
Crass V. Examination for Diphtheria and Typhoid (see page 2A). 


* N 
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Crass I—Foop 

Milk.—Samples of milk were sent to the bacteriologist mainly with a view to determine 
whether they were free from the tubercle bacillus. 

The precautions taken in carrying on the investigation have already been detailed in 
previous reports, and it is not necessary to repeat them. It may be remarked that Professor 
Boyce, like the other bacteriologists who have carried on researches into the presence or absence 
of the tubercle bacillus, alludes incidentally to the important fact that in a certain proportion of 
cases the inoculated animal dies long before the time necessary for a tubercular lesion to develop. 
This result has been shown to be due to the presence in the milk of a virulent spore-bearing 
bacillus, possessing characters similar to those of the bacillus enteritidis sporogenes, and which is 
apparently associated with the choleraic disease so fatal to children during dry and hot weather. 

The total number of samples of milk examined was 112, 28 being samples taken from the 
railway stations on arrival from the country, and 84 from the town. Of the 84 town samples 
7 were proved to contain the tubercle bacillus, and of the 28 railway samples 5 were shown 
to contain the tubercle bacillus. ‘These proportions of tubercular milk are in excess of the 
average. 

With regard to ice-creams, the samples examined were found to contain a large number of 
micro-organisms, a circumstance which affords confirmatory evidence of the necessity for the 
measures obtained in the Liverpool Corporation Act of 1898, for ensuring cleanliness in the 


manufacture of ice-cream. 


Mirk 
Tubercle 
ees Source. ae Rasa Remarks. 
absent. 
150 Town Jan, 4th Absent 
154 Town Jan. 14th Absent 
155 Town Jan. 14th Absent 
156 ‘Town Jan. 14th Absent 
160 Railway Station Jan. 26th Absent 
161 Railway _,, Jan. 26th Absent 
162 Railway ,, Jan. 26th Absent 
163 Grafton Street Hospital Jan. 27th Inoculated animal died Feb. 
4th, from local abscess at 
seat of inoculation. 
185 Town Feb. 17th Absent 
186 Town Bebra7th Absent 
187 ‘Town Feb. 17th Absent 
192 Railway Station Feb. 23rd Absent 
193 ‘Town Feb. 25th Absent 
194 Town Feb. 25th Absent 
197 Town Mar. 3rd Animal died on March roth 
from natural malnutrition. 
198 ‘Town Mar. 3rd Absent 
199 ‘Town Mar. 3rd Present 
200 Town Mar. 3rd Absent 


208 Town Mar. 8th Absent 


Sample 


Number. 


209 
212 
213 
217 
218 
219 
220 
225 
226 


227 
228 
229 


230 
237 
238 
241 
242 
ao 
244 
249 
250 
251 
252 
253 
256 
257 
258 
259 
- 281 
282 
283 
284 
205 
296 
eo, 
298 


312 


Ju3 
321 


4 
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Source. 


Town 
Town 
Town 
Railway Station 
Railway _,, 
Railway _,, 
Town 
Town 
Town 


Town 
Town 


Park Hill Hospital 


Park Hill Hospital 
Town 
Town 
Town 
Town 
Town 
Town 
Town 
Town 
Town 
Town 
Town 
Town 
Town 
Railway Station 
Railway _,, 
Town 
Town 
Town 
Town 
Town 
Town 
‘Town 
Town 


Railway Station 
Railway __,, 
Railway _,, 


SAMPLES ANALYZED 


Mirxk—continued. 


Date 
1898. 


Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
April 
April 


April 
April 
April 


April 
April 
April 
April 
April 
April 
April 
May 
May 
May 
May 
May 
May 
May 
May 
May 
June 
June 
June 
June 
June 
June 
June 
June 


July 
July 
July 


8th 
17th 
17th 
24th 
24th 
24th 
25th 
6th 
6th 


Tubercle 
bacilli 
present or 
absent. 


Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 


Absent 
Absent 


Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 


Absent 
Absent 
Absent 


Remarks. 


A large abscess developed at 
seat of inoculation, and 
animal died April 26th, 
1898. 


Animal died within 24 
hours. The milk was 
ropy, and contained a 
large number of organisms 
(non-pathogenic). 

Animal died. 


Animal found dead June 
27th, 1898. Cause of 
death unknown. 


99 


100 


Sample 
Number. 


322 


327 
328 
330 
331 
336 
337 
342 
343 


344 
348 
356 
359 
363 
364 
365 
366 
371 
376 
a77; 
380 


381 
382 
385 
386 


387 
400 


401 


402 
#00 
410 
All 
412 
413 
nee 
405 
420 
421 
422 


THOMPSON YATES 


Source. 


Railway Station 


Railway __,, 
Railway _,, 
‘Town 
Town 
‘Town 
Town 
Town 
Town 


Town 

Railway Station 
Town 

Town 

Town 

Town 

Railway Station 
Railway ,, 
Railway _,, 
Town 

Town 

‘Town 


Town 
Town 
Town 
Town 


Town 
Railway 


Railway Station 


Railway __,, 
Town 

‘Town 

Town 

Town 

Town 

Town 

Town 
Railway Station 
Railway _,, 
Railway _,, 


LABORATORIES 


Mitxk—continued. 


Date 
1898. 
July 21st 
July 21st 
July 26th 
Aug. 6th 
Aug. 6th 
Aug. 12th 
Aug. 12th 
Aug. 18th 
Aug. 18th 
Aug. 18th 
Aug. 26th 
Sep. 7th 
Sep. 7th 
Sep. 16th 
Sep. 16th 
Sep. 23rd 
Sep 23rd 
Sep. 30th 
Oct). 6th 
Oct. 6th 
Oct. 12th 
Oct. 12th 
Oct. 12th 
Oct. 21st 
Oct. 21st 
Oct. 21st 
Nov. 7th 
Nov. 7th 
Nov. 7th 
Nov. 17th 
Nov. 17th 
Nov. 23rd 
Nov. 23rd 
Nov. 23rd 
Nov. 23rd 
Nov. 25th 
Nov. 30th 
Nov 30th 
Nov 3oth 


Tubercle 
bacilli 
present or 
absent. 


Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 


Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 


Absent 
Absent 
Absent 


Absent 


Absent 
Present 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Present 
Present 
Present 


REPORT 


Remarks. 


Animal died on July 24th, 


1898, - 


from peritonitis 


and pleurisy. 


Inoculated animal died, but 
not from tubercle. 


Inoculated animal died on 


Oct. 


16th, 1898, with 


considerable subcutaneous 
extravasation. 


Animal died, but not from 
tubercle. 


Animal died, but not from 
tubercle. 


Animal 


died Nov. 11th, 


but not from tubercle. 
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Mitk—continued. 


Tubercle 
Pete pies Hae ee Remarks. 

absent. 
423 Railway Station Noy. 30th Present 
434 Town Dec. 16th Absent 
435 ‘Town Dec. 16th Present 
436 Town Dec. 16th Present 
437 Town Dec. 16th Present 
438 ‘Town Dec. 16th Present 
441 Town Dec. 22nd Absent 
442 Town Dec. 22nd Animal died Dec. 31st, but 

not from tubercle. 
443 Town Dec. 29th Absent 
444 Town Dec. zg9th Animal died on Jan. 29th, 
but not from tubercle. 
445 Town Dec. 29th Absent 
446 Town Dec. 29th Absent 
448 Railway Station Dec. 30th Absent 
449 Railway ,, Dec. 30th Present 
SHELL-FISH 


‘Twenty-two samples of oysters, 22 of muscles, 23 of cockles, and 10 of periwinkles were 
examined bacteriologically. It is beyond dispute that these fish may be the means of transmitting 
certain forms of disease, notably typhoid fever. The most careful attention was given in 
investigating the micro-organisms which the samples were found to contain, special importance 
being attached to those groups of organisms which might be taken to indicate sewage 
contamination. Although the typhoid bacillus was not isolated in any of the samples, the bacillus 
coli, which is commonly associated with sewage contamination, was isolated in 15 per cent. of the 
samples ; and in the cases in which special search was made for the bacillus enteriditis sporogenes 
this bacillus was found. ‘The full details of the methods employed are set forth in the Reports 
already published by Professor Boyce and Professor HerpMaN to the British Association, 
1895-6-7-8. In the same Report will be found the reasons which led up to the following 
recommendations, which were made by those gentlemen, as to the means to prevent oyster 
beds, &c., from being contaminated with sewage :— 

(a) That the necessary steps should be taken to induce the oyster trade to remove any 
possible suspicion of sewage contamination from the beds and layings from which oysters 
are supplied to the market. This could obviously be effected in one of two ways—either 
(1) by restrictive legislation and the licensing of beds only after due inspection by the 
officials of a government department ; or (2) by the formation of an association amongst the 
oyster-growers and dealers themselves, which should provide for the due periodic examination 
of the grounds, stores, and stock by independent properly qualified inspectors. Scientific 


assistance and advice given by such independent inspectors would go far to improve the 
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condition of the oyster beds and layings, to re-assure the public, and to elevate the oyster 
industry to the important position which it should occupy. 

(B) Oysters imported from abroad (Holland, France, or America) should be consigned to 
a member of the ‘Oyster Association,’ who should be compelled by the regulations to have his 
foreign oysters as carefully inspected and certificated as those from his home layings. A large 
proportion of the imported oysters are, however, deposited in our waters for such a period 
before going to market that the fact of their having originally come from abroad may be 
ignored. If this period of quarantine were imposed upon all foreign oysters a great part of the 
difficulty as to inspection and certification would be removed. 

(c) The grounds from which mussels, cockles, and periwinkles are gathered should be 
periodically examined by scientific inspectors in the same manner as the oyster beds. The 
duty of providing for this inspection might well, we should suggest, be assumed by the various 
Sea Fisheries Committees round the coast. 

The samples examined are indicated in the following table :— 
‘Table I—Ovysrers 
Colon 
S le Date bacillus 
ee I 898. ssc or Remarks. 
absent. 

147 Jan. 4th Absent 

174 Feb. 3rd Absent Actively motile bacillus isolated, no gas, no 
coagulation, thick growth on potato, no 
indol, alkaline reaction. 

175 Feb. 8th Absent 

178 Feb. 8th Absent 

184 Hebsrzth Absent 

204 Mar. 3rd Absent 

207 Mar. 8th Absent 

216 Mar. 18th Absent Actively motile bacillus isolated, gas forming, 
no indol, no coagulation, thick growth upon 
potato, alkaline reaction in neutral litmus 
whey. 

232 April 14th Absent 

2316 April 14th Absent 

248 April 28th Absent 

2c May 6th Absent 

269 May 2oth Absent 

278 June 3rd Absent 

289 June roth Absent 

34.5 Aug. 22nd Present 

391 Oct. 27th Present 

397 Nov. 4th Present 

427 Dec. 5th Absent B. enteritidis present. 

428 Dec. 5th Absent 

429 Dec. 5th Absent 


439 Dec. 22nd Absent 


Sample 
number, 


145 
146 
152 
DY 
158 
171 
172 
LT 7, 


180 
201 
202 


205 
214 
215 
222 


240 
246 
350 
370 
384 
392 
398 
417 
430 
440 


Sample 


number. 


148 
oe) 
153 
159 
173 
176 
183 
196 
203 
206 
221 
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Date 
1398, 


Jan. 4th 
Jan. 4th 
Jan. 11th 
Jan. 18th 
Jan. 18th 
Feb. 3rd 
Feb. 3rd 
Feb. 8th 


Feb. 12th 
Mar. 3rd 
Mar. 3rd 


Mar. 8th 
Mar. 18th 
Mar. 18th 
Mar. 30th 


April 21st 
April 28th 
Sept. 2nd 
Sept. 23rd 
Oct. 14th 
Oct. 27th 
Nov. 4th 

Nov. 23rd 
Dec. 5th 


Dec. 22nd 


Date 
1898. 


Jan. 4th 
Jan. 4th 
Jan. rith 
Jan. 18th 
Feb. 3rd 
Feb. 8th 
Feb. 12th 
Feb. 25th 
Mar. 3rd 
Mar. 8th 
Mar. 30th 


Table [I—Mussets 


Colon e 
bacillus 

present or 

absent. Remarks, 

Absent 

Absent 

Absent 

Absent Gas forming coccus isolated. 

Absent Gas forming coccus isolated. 

Absent 

Absent 

Absent Actively motile bacillus isolated, no gas, no 
coagulation, no indol, thick growth on potato, 
alkaline reaction. 

Absent 

Absent Gas forming coccus isolated. 

Absent Small actively motile bacillus isolated, no gas, 
no coagulation, no indol formation, thick 
growth on potato, neutral reaction. 

Absent 

Absent Gas forming coccus isolated. 

Absent 

Absent Actively motile bacillus isolated, gas forming, 
milk coagulated, no indol, abundant growth 
on potato, alkaline reaction. 

Absent 

Absent 

Present 

Present 

Absent 

Absent 

Present 

Present 

Absent B. enteritidis present. 

Absent 


Table []1I—Cockues 


Colon 
bacillus 
present or 
absent. Remarks. 


Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent 
Absent Motionless bacillus isolated, no gas, no coagu- 
lation, no indol. 
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CockLes—continued. 


Colon 
bacillus 
Sample Date present or 
number. 1898. absent. Remarks. 
231 April 14th Absent 
233 April 14th Absent Gas forming coccus isolated. 
239 April 21st Absent 
247 April 28th Absent 
254 May 6th Absent 
268 May z2oth Absent 
277 June 3rd Absent 
285 June roth Absent 
349 Sep. 2nd Present 
369 Sep. 23rd Present 
399 Nov. 4th Present 
418 Nov. 25th Present 


Table [V—Perrwinkies 


Colon 
bacillus 
Sample Date present or 
number. 1898. absent. Remarks. 
179 Feb. 11th Absent 
181 Feb. 12th Absent 
182 (Whelks) Feb. 12th Absent Bacillus, gas forming, no coagulation, no indol, 
neutral reaction. 
195 Feb. 25th Absent 
234 April 14th Absent 
245 April 28th Absent 
286 June roth Present 
288 June roth Absent 
383 Oct. 14th Absent 
426 Dec sth Absent B. enteritidis present. 


B.—PREsERVED Foops 


Condensed Milk.—The temperature at which tinned foods is put up is usually supposed 
to lead to their complete sterilization. The bacteriologist’s observations show that, on the 
contrary, many examples of tinned foods are far from sterile, and that, therefore, they may be the 
carriers of pathogenic organisms. 

Thirty-four samples of various brands ot condensed milks were examined bacteriologically, 
and out of these only one appeared free from micro-organisms. 

In the others the number of organisms varied, being very abundant in some samples. 
No pathogenic forms were found. ‘These observations are of importance, because no article of 
food of the nature of milk or meat should be tinned without making absolutely certain that it is 
sterilized. Spore-bearing bacilli similar to the bacillus enteriditis sporogenes can develop in the 
sealed tins if sterilization is not complete, and lead to the production of irritant and harmful 
products. If condensed milk is not sterile it has no advantage over raw milk from a 
bacteriological point of view. 


Note.—The term pathogenic is used to denote those organisms which produce disease in man, 
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Conprensep Mik 


Sample Date 
number. Brand. 1898. Remarks. 

260 Head Brand May 14th Not Sterile. 
261 Nestle’s May 14th Not Sterile. 
266 Calf Brand May zoth Not Sterile. 
267 Table Brand May zoth Not Sterile. 
270 Head Brand May 27th Not Sterile. 
271 Nestle’s May 27th Not Sterile. 
272 Irish May 27th Not Sterile. 
273 Magpie May 27th Not Sterile. 
274 Nestle’s June 3rd Not Sterile. 
275 Cup June 3rd Not Sterile. 
279 Hawthorne June 3rd Not Sterile. 
280 Tip-top June 3rd Not Sterile. 
293 Anglo-Swiss June 16th Not Sterile. 
294 fe June 16th Not Sterile. 
299 Flag June 25th Not Sterile. 
300 Cruiser June 25th Not Sterile. 
306 Family July ist Not Sterile. 
307 Royal Standard July 1st Not Sterile. 
308 Nestle’s July ist Not Sterile. 
309 Calf July ist Not Sterile. 
310 Tip-top July ist Not Sterile. 
311 Head July rst Not Sterile. 
Bib 3 ne July 8th Not Sterile. 
329 Swan July 26th Not Sterile. 
338 Daily Aug. 13th Not Sterile. 
339 White Star Aug. 13th Not Sterile. 
340 Nurse Aug. 16th Not Sterile. 
341 Polo Aug. 16th Not Sterile. 
346 Tantivy Aug. 25th Not Sterile. 
347 Jersey Cow Aug. 25th Not Sterile. 
272 25 Sep. 30th Not Sterile. 
404 Crow Nov. gth Not Sterile. 
416 Anglo-Irish Nov. 25th Not Sterile. 
447 Ideal Dec. 29th Sterile. 


Tinned Salmon.—Seventeen samples were examined, agar plate cultivations being made 
from each. The majority proved sterile, only three samples giving rise to colonies of bacteria 


upon the plates. 


Tinnep SatMon 


Sample Date 
number. Brand. 1898. Remarks. 
164 aes Heb: 4rd Sterile. 
224 nar Mar. 30th Sterile. 
236 bile April rgth Sterile. 
276 a June 3rd Sterile. 
287 She June roth Sterile. 
305 oe June 29th Sterile. 
Bnas Silver Crown July 8th Sterile 
316 Gem July 8th ‘  Decomposed 


* 6 
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Tinned SaLMon—continued. 


Sample Date 

number, Brand, 1898. Remarks. 
317 Royal York July 16th Sterile. 
351 Puritan Sep. 2nd Sterile. 
352 se Sep. 2nd Sterile. 
354 Cycle Sep. 7th Sterile. 
361 Signal Sep. 14th Sterile. 
375 ae Oct. Ist Not Sterile. 
378 Cleeves Oct." 7th Sterile. 
388 English Crown Oct. 22nd Not Sterile. 
408 a: Nov. 17th Sterile. 


Tinned Sardines—Nine samples were examined, and five were shown to be not sterile. 


TinneD SarDINES 


Sample Date 
number. Brand. 1898. Remarks. 
223 Mar. 30th Not Sterile. 
290 ae June 1oth Sterile. 

318 International July 16th Sterile. 

353 site Sep. 2nd Not Sterile. 
360 his Sep. 14th Sterile. 

a7 ae Oct.) Ist Sterile. 

374 Ge Oct. 18th Not Sterile. 
389 re Oct. 22nd _Not Sterile. 
396 ae Oct zgth Not Sterile. 


Tinned Lobster.—One sample out of five examined was found to be not sterile. 


Tinnep LopsTer 


Sample Date 

number. Brand. 1898. Remarks. 
165 Pec Feb. 3rd Sterile. 
191 ne Feb. 18th Sterile. 
304 rae June 29th Sterile. 
255 oe Sep. 7th Not Sterile. 
407 tes Nov. 17th Sterile. 


Miscellaneous Tinned and Potted Meats.—As the table shows, these were very varied and 
amounted to 29 samples; they included tinned meats, potted meats, meat pastes, and lard. 
Sixteen of the samples contained micro-organisms, and were therefore liable to undergo 
decomposition and to prove a source of danger. 

Preserved Fruits—What has been said as regards the importance of tinned meats holds 
equally good in the case of preserved fruits. It is essential that every care should be taken to see 
that they are put up completely sterile. “he loss to the manufacturer from the preserved fruits 
and jams undergoing fermentation, and the unwholesomeness of such articles of food, could be 
prevented by more scientific methods of preparation. Out of the 15 samples examined, six 
contained micro-organisms of various kinds. 

Fresh Fruits—One sample of sprouting and- fermenting fresh walnuts was examined. 
What has been said concerning the unwholesomeness of non-sterilized preserved fruits, is equally 


applicable to the unsound ripe fruit caused by the presence of organisms. 


Sample 
number, 


166 
167 
168 
169 
170 
188 
189 
190 
210 
211 
262 
263 
264. 
265 
291 
292 
301 
302 
303 
319 
320 
323 
324 
325 
326 
332 
333 
334 
335 
357 
358 
362 
367 
368 
379 
390 
393 
394 
395 
405 
406 
419 
424 
425 
431 


432 
433 
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Preserved Foops—MuIsceLLANgEous 


Brand. 
Lunch Tongue 
Preserved Pine Apple 
Preserved Apricots 
Preserved Tomatoes 
Preserved Pears 
Potted ‘Tongue 
Turkey and Tongue 
Chicken and Tongue 
Potted Veal and Ham 
Bloater Paste 
Kipper Paste 
Veal and Ham 
Meat Paste 
Salmon and Shrimp 
Apricots 
‘Tomatoes 
Gravy Soup 
Pears 
Golden Syrup 
Boiled Rabbit 
Roast Mutton 
Veal and Ham 
Ham and Chicken 
Potted Ham 
Turkey and Tongue 
Potted Ham 
Strasburg Meats 
Potted Beef 
Ham and Tongue 
Bloater Paste 
Salmon and Shrimp 
Apricots 
Ice Cream 
Ice Cream 
Ribs of Beef 
Pine Apple 
Peas 
‘Tomatoes 
‘Treacle 
Blackberry Jam 
Rhubarb Jam 
Lard 
Plums 
Damsons 
Walnuts 


Potted Shrimps 
Potted Shrimps 


Date 
1898. 


Feb. 3rd 
Feb. 3rd 
Feb. 3rd 
Feb. 3rd 
Feb, 3rd 
Feb. 18th 
Feb. 18th 
Feb. 18th 
Mar. 12th 
Mar. 12th 
May 20th 
May 2oth 
May zoth 
May zoth 
June 15th 
June 15th 
June zgth 
June 29th 
June 29th 
July 16th 
July 16th 
July 23rd 
July 23rd 
July 23rd 
July 23rd 
Aug. 6th 
Aug. 6th 
Aug. 6th 
Aug. 6th 
Sep. 7th 
Sep. 7th 
Sep. 14th 
Sep. 23rd 
Sep. 23rd 
Oct. 7th 
Oct. 22nd 
Oct. 29th 
Oct, 29th 
Oct. 29th 
Nov. gth 
Nov. gth 
Nov. 25th 
Dec. Ist 
Dec. Ist 
Dec. 5th 


Dec. 7th 
Dec. 8th 


Remarks. 
Sterile. 
Sterile. 
Sterile. 
Sterile. 
Sterile. 
Not Sterile. 
Sterile. 
Sterile. 

Not Sterile. 
Not Sterile. 
Not Sterile. 
Sterile 
Sterile. 
Sterile. 
Sterile. 
Sterile. 
Sterile. 
Sterile. 
Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Sterile. 
Sterile. 
Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Sterile. 
Not Sterile. 
Not Sterile. 
Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Sterile. 
Not Sterile. 
Not Sterile. 
Not Sterile. 
Undergoing 


fermentation. 


Not Sterile. 
Not Sterile. 
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Crass II 


Water supplied for ordinary purposes—Systematic fortnightly and monthly examinations of 
the drinking water have been made. ‘The samples of water are collected by a member of the 
bacteriologist’s staff in small sterilized bottles, and plate cultivations made as quickly as possible | 
after collecting. ‘The analyses show that the water supplied to the city is very good. No 
pathogenic forms have been isolated, but numerous other non-pathogenic forms, such as would 
have been expected in wholesome water, have been met with. ‘These are kept and propagated in 
the laboratory, and are always useful for reference. 


The following are the sources which have been examined. :— 


Fortnightly Examinations— 
Ashton Hall ‘Tap. 


Fortnightly Examinations— 


Windsor Well. Vyrnwy Water. 
WELLs— Dudlow Lane Well. Prescor-— | Rivington Water. 
Green Lane Well. Mixed Water. 


Warer—Fortnightly Samples. 


S Date Time of Time of Bacteria present. 
oeesee 1898. collecting. examination. Gelatine. Agar. 
per c.c. per c.c. 

Ashton Hall Tap Jan. 24th 5 30 pm. 5 30 pm. 46 4 
Ashton Hall Tap Reb. sp7th It am, 11 am. 60 14 
Ashton Hall Tap Feb. zoth 2 pm. 2 pm. 14 I 
Ashton Hall ‘Tap Mar. 7th 11 30 am. II 30 am. 24 — 
Ashton Hall ‘Tap Mar. 15th 5 pm. 5 pm. 60 2 
Ashton Hall Tap Mar. 6th 2 pm. 2 pm. 60 4 
Ashton Hall Tap April 18th 11 am. II am. 80 6 
Ashton Hall Tap April 25th - 3 pm. 3 pm. 30 14 
Ashton Hall Tap May 15th 11 am. II am. 50 8 
Ashton Hall ‘Tap May 27th 12 am. 12 am. 94 14 
Ashton Hall Tap June 1oth 11 am, I1.am. g2 17 
Ashton Hall ‘Tap June 22nd 3 pm. 3 pm. 27 Il 
Ashton Hall Tap July 25th 10 am. 10 am. 100 — 
Ashton Hall Tap Aug. 6th 7 ).9)30 ale 9 30 am. 30 8 
Ashton Hall ‘Tap Aug. 18th 3 pm. 3 pm. 33 — 
Ashton Hall ‘Tap Sep. 3rd 10 am. 10 am. 54 17 
Ashton Hall Tap Sep. 17th 11 am. II am. 140 170 
Ashton Hall Tap Sep. 126th 7) | 12 am 12 am. 36 14 
Ashton Hall ‘Tap Oct. 15th Io am. 10 am. 40 6 
Ashton Hall Tap Oct. 25th g am. g am. 70 4 
Ashton Hall Tap Nov. 12th g am. g 10 am. 120 27 
Ashton Hall Tap Nov. 25th 2 pm. 2 10 pm. 6 — 


Ashton Hall Tap Dec. 19th 4 pm. 4 § pm. 3 31 
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Warer—Monthly Samples. 


Saas Date Time of Time of Bacteria present. 
3 1898. collecting. examination. Gelatine. Agar. 
per c.c. per c.c. 

Dudlow Lane Jan. 31st 145 pm. 5 pm. 120 4 
Dudlow Lane Mar. 4th 245 pm. 5 pm. 22 — 
Dudlow Lane April 29th I 40 pm. 3 pm. 72 12 
Dudlow Lane July 12th 11 am. 12 am. 224 _ 
Dudlow Lane Aug. 30th 10 30am. II 30 am. 500 7 
Dudlow Lane Sep. 27th 10 am. I pm. 44 100 
Dudlow Lane Oct. 25th 3 30 pm. 4 30 pm. 15 6 
Dudlow Lane Nov. 24th 2 30 pm. 3 30 pm. 35 56 
Dudlow Lane Dec. 19th 10 35 am. 12 am. 5 4 
G. Holt Well (Green Lane) April 29th 2 30 pm. 3 pm. 5° — 
G. Holt Well - Aug. 31st 10 am. II am. 100 20 
G. Holt Well 5 Sep. 27th II 30am. I pm. 16 12 
G. Holt Well 55 Oct. 26th 3 30 pm. 4 pm. 200 120 
G. Holt Well a Dec. 19th IT am. 12 am. 18 I 
Green Lane Well Jan. 31st 2 35 pm. 5 pm. *4000 *200 
Green Lane Well Mar 4th 3 pm. 5 pm. 30 — 
Green Lane Well May 26th 3 pm. 4 20 pm. 26 9 
Green Lane Well Aug. 6th 12 30 pm. I 30 pm. 60 6 
J. Holmes Well 

(Green Lane) = April 29th 2 30 pm. 3 pm. 896 — 
J. Holmes Well, Aug. 31st 10 am. II am. 40 15 
J. Holmes Well ,, Sep. 27th II 30 am I pm. 18 10 
J. Holmes Well _,, Oct. 26th 3 30 pm. 4 pm. 100 300 
J. Holmes Well _,, Nov. 25th 10 40 am II 35 am 122 230 
J. Holmes Well _,, Dec. 19th Ir am. 12 am. 20 10 
Mixing Well (Prescot) Mar. 4th 3.45 pm. 5 pm. 30 —_ 
Mixing Well = May 24th Ii 30 am. 2 30pm 30 10 
Mixing Well 5 July 7th 2 pm. 4 pm. 40 fe) 
Mixing Well - Aug. sth 3 pm. 5 pm. 200 40 
Mixing Well - Aug. 29th II am. I pm. 300 100 
Mixing Well Fs Sep. 26th 2 pm. 3 30 pm. 200 180 
Mixing Well 3 Oct. 26th Ii 30 am. 12 15 pm. 26 30 
Mixing Well 5 Nov. 23rd If 30 am. 12 30 pm. 330 70 
Mixing Well Ny Dec. 19th 2 35 pm. 4 pm. 12 30 
Rivington Aqueduct Jan. 31st 3 30 pm. 5 pm. 6 — 
Rivington Aqueduct Mar. 4th 3.45 pm. 5 pm, 20 — 
Rivington Aqueduct Mar. 31st Ii pm. 3 pm. 44 6 
Rivington Aqueduct April 26th 2 pm. 5 pm. 60 — 
Rivington Aqueduct May 24th IZ 30 am. 2 30 pm. 18 4 
Rivington Aqueduct July 7th 2 pm. 4 pm. 21 5 
Rivington Aqueduct Aug. 5th 3 pm. 5 pm. 30 2 
Rivington Aqueduct Aug. 29th 11 am. 1 pm. me 6 
Rivington Aqueduct Sep. 26th 2 pm. 3 30 pm. 20 22 
Rivington Aqueduct Oct. 26th IJ 30 am. 12 15 pm. 70 100 
Rivington Aqueduct Nov. 23rd II 30 am. I2 30 pm. 450 33 
Rivington Aqueduct Dec. 19th 2 30 pm. 4 pm. 6 9 
Vyrnwy Aqueduct Jan. 31st 3 30 pm. 5 pm. 6 — 


* Harmless organisms : the increase due to incidental] disturbances of the source at time of taking the sample. 
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There were 2 cases of suspected food poisoning where bacteriological examination failed to reveal 


THOMPSON 


Source. 


Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Vyrnwy Aqueduct 
Windsor Well 
Windsor Well 
Windsor Well 
Windsor Well 
Windsor Well 
Windsor Well 
Windsor Well 


Source. 


Anderton Hall 
Paddington 
Eustace Street 
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Watrer—Monthly Samples—continued. 


Date 
1398. 
Mar. 4th 
Mar. 31st 
April 26th 
May 24th 
July 7th 
Aug. 5th 
Aug. 29th 
Sep. 26th 
Oct. 26th 
Nov. 23rd 
Dec. 19th 
Jan. 31st 
July 8th 
Aug. 6th 
Aug. 31st 
Sep. 26th 
Oct. 25th 
Nov. 25th 


Time of 
collecting. 


3 


I 


45 pm. 


pm. 


2 pm. 


Il 


II 
12 


g 30 am. 


30 am. 


am. 
pm. 
am. 
am, 


Time of 
examination. 


pm: 
3S} Jebotle 
5 pm. 
2 30 pm. 
cadet 
5. pm. 
I pm. 
3,39 pm. 
12 15 pm. 
12 30 pm. 
4 pm. 


5 pm. 
12 am. 


II 40 am. 
3 30 pm. 
11 15 am. 
12 20 pm. 


Warrer—Miscellaneous Samples. 


Date 
1898. 


Aug. 
Sep. 
Sep. 


Sefton Park (Croxteth Road) Sep. 


Croxteth Road 
Grantham Street 
Chatham Street 

1 Hope Street 

16 Walnut Street 
175 Brownlow Hill 
58a Grove Street 


Sep. 
Sep. 
Nov. 


Nov. 
Nov. 
Nov. 


Nov. 


3 Ist 
8th 
8th 

12th 

12th 
15th 
14th 
14th 
14th 
14th 
14th 


the presence of pathogenic organisms. 


spleen sent for examination. 


An investigation of several samples of hay, to determine whether the bacillus anthracis was 


present or not, as the hay was suspected to be the cause of infection, gave negative results, as the 


anthrax bacillus was not found. 


Autopsies.—One autopsy was performed upon a suspected case of death from cholera, and 


the bacteriologist was able to definitely state that death was not due to cholera but to ptomaine 


poisoning from eating unsound food. 


Time of 
collecting. 


445 pm. 


3 
3 


pm. 


pm. 


Crass III 


Speciat Bacteriological Investigations—Under this heading 10 examinations were made. 


Time of 
examination. 


g 10 am. Sep. Ist. 
plea 
3epoM. 
apa 


10 am. 
4 pm 
4 pm. 
4 pm. 
4 pm. 
4 pm. 


Bacteria present. 


Gelatine. 
per c.c. 


10 
60 
6 
6 
Il 
30 
30 
42 
4 
24 
4 
14 
24 
58 
40 
28 
140 


97 


Agar. 
per ¢.c. 


30 


Bacteria present. 


Gelatine. 
per c.c. 


800 
20 
136 
20 
26 
10 
50 
70 
60 
44 
30 


Agar. 
per c.c. 


2000 
12 
120 


Anthrax bacilli were shown to be present in one case of 
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MisceLLangeous ARTICLES 


Article. i Remarks. 

Liver Feb. 2nd Normal. 

Portion of Cow’s Udder Feb. 2nd Normal. 

Pork (1) April 5th No pathogenic organisms. 
Pork (2) April 5th No pathogenic organisms. 
Piece of Spleen July 27th Anthrax bacilli present. 
Hay Aug. 2nd No anthrax bacilli found. 
Hay (1) Aug. 11th No anthrax bacilli found. 
Hay (2) Aug. 11th No anthrax bacilli found. 
Hay (3) Aug. rith No anthrax bacilli found. 
Food Oct. 31st Normal. 

Crass IV 


Examination for Rabies—The head of the dog which is suspected to have been suffering 
from rabies is, by permission of the Board of Agriculture, sent to the laboratory, and a subdural 
inoculation of an emulsion of the brain made. ‘The brain is very carefully examined for any signs 
of congestion. In more than one instance during the year the bacteriologist was able, at a very 
early period, to allay the naturally great cause of anxiety which the bite from a suspected rabid dog 


produces. Out of the 26 cases examined no signs of rabies were found. 


Rasigs 

Date Source Remarks 

1898. ; 
Jans rst Prescot Street Police Station No rabies 
Jan. 1ith Breck Road - No rabies 
Feb. 3rd Rose Hill pe No rabies 
Feb. 16th Lark Lane ‘ No rabies 
Feb. zoth Jordan Street ne No rabies 
Mar. 14th Jordan Street $5 No rabies 
Mar. 14th Kingsley Road " ; No rabies 
Mar. z9th Rose Hill = No rabies 
Mar. 29th Rose Hill £ No rabies 
April 12th Lark Lane - No rabies 
April 23rd Olive Street 5 No rabies 
May 9th Warren Street <9 No rabies 
June 16th Fairfield Rs No rabies 
June 18th Durning Road a No rabies 
June 28th Seel Street = No rabies 
July 8th Olive Street ss No rabies 
July 26th Prescot Street - No rabies 
Aug. 2nd Breck Road = No rabies 
Aug. 6th Westminster Road _,, No rabies 
Sept. 2nd Rose Hill - No rabies 
Sept. gth Prescot Street = No rabies 
Sept. 19th Westminster Road ,, No rabies 
Oct. 6th Rose Hill E No rabies 
Oct. 28th Essex Street > No rabies 
Noy. 29th Westminster Road ,, No rabies 
Dec. 17th Breck Road No rabies 


THE BACTERIOLOGICAL INVESTIGATIONS 
UNDERTAKEN FOR THE WATER COMMITTEE 
OF THE CITY OF LIVERPOOL* 


In November, 1897, arrangements were made with Professor Boyce, M.B., University 
College Liverpool, to undertake systematic examinations of the bacteria in the Liverpool waters, 


and special investigations of the sources of supply. 


Report oF ProFgssor Boyce 


The bacteriological analysis of water is universally regarded as furnishing us with the most 
delicate means of ascertaining the purity of a water supply. By its means we are enabled to 
state :— 

1. That pathogenic bacteria, such as the organisms of typhoid and cholera, are absent. 

2. That the water is free from those organisms which are found in the alimentary canal 
of man and animals, such as the Bacillus coli and the Bacillus enteriditis sporogenes, 
organisms which would strongly tend to indicate sewage contamination. 

3. That the sand filters work efficiently and retain the greater proportion of the bacteria 
present in the unfiltered water. 

The bacteriological analysis is of two kinds :— 
a. Quantitative. hb, Qualitative. 

Quantitative analyses determine the number of bacteria present in a cubic centimetre of 
water. It is found in practice that when the number of micro-organisms is small (under 100) the 
chances of pathogenic organisms or organisms indicating sewage contamination being present is 
very remote. In order, however, to definitely determine the presence or absence of pathogenic 


organisms a qualitative analysis is made. 


QUALITATIVE ANALYSES 


These are made with special media and under special conditions of incubation, in order to 
favour the growth of the particular organisms it is desired to find to the exclusion of other 
bacteria. “Iwo organisms which are regularly sought for in this way are the Bacillus coli and 
the Bacillus enteriditis sporogenes. In addition to these occasional examination is made for 
thermophilic bacteria. This curious class of organisms grows at a very high temperature— 
between 50° and 70° C.—at temperatures, therefore, which readily kill ordinary putrefactive and 
pathogenic bacilli. From time to time various species of bacteria are isolated and cultivated and 
propagated in the laboratory, and it has been found that certain species are common in unfiltered 
and rare in filtered water. “The sand of the filter bed has its special organisms, and sometimes 


from the dead end of pipes almost pure cultivations of one particular species can be found. The 


* Reprinted from the ‘ Report of the Water Engineer.’ 


* p 
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bacterial flora which is being gradually formed is of use for reference. The classification which 


we adopt is an artificial one, and based upon the action of bacteria upon various media, 


ComPaRIsON OF RESULTS WITH THOSE OF OTHER TOWNS 

As far as we are aware, the routine bacteriological examination of the water as carried out 
in Liverpool is practised in no other large city in Great Britain. On the continent daily 
examinations are common. At first it was the practice in some places abroad to examine the 
water from each filter bed, in order to ascertain whether each bed was working satisfactorily. 
Now, however, it is usual to simply examine the water as it is supplied to the town. 

‘The following is a comparison of the number of bacteria per c.c. present in the water 
supplied to a drinking fountain in the city of Liverpool and that supplied to certain other large 


cities in Europe :— 


Liverpool a: ne ee Ane 24 bacteria per c.c. 
Hamburg bee a ee wit 70 3 fs 
Berlin’ 2. “ai ah jes sltnder 50 m* a 
Parise J aa rE ae = Sg we tm Oost - 5 
Buda Pesth ee ee ... under 100 es = 
Munich re wit an ae 4 53 Pe 


From these figures it will be seen that the water of Liverpool is exceptionally good, that 


of Munich alone being better. Further, that as neither the B. coli nor the B. enteriditis 


sporogenes have been found in the filtered water the purity is still further accentuated. 


METHODS EMPLOYED 


The following methods are used for both classes of investigation. 


CoLLECTION OF SAMPLES 
Small (1-ounce capacity) sterilized bottles are used for collecting the water from the mains. 
For collecting water at considerable depths vacuum tubes which can be broken under water are 
employed. Each bottle has a distinctive number ground on it, and the particulars of the samples 


are entered in a note-book at the time of collecting. 


Time oF MakinG THE ANALYSIS 
The bacteriological investigations are made as soon after collecting as possible. In the 
case of the daily examinations the average time of analysis after collection is one half-hour. In 
the case of the fortnightly and monthly samples a delay of two to three hours occurs ; but as the 
sample-bottles are kept enclosed in a special ice-box during the delay of two or three hours there 
is very little chance of bacteriological multiplication. If in special cases there is a greater delay, 


the special box containing the samples is placed in the refrigerator chamber. 


Mepia 
Gelatine—The composition of the gelatine is constant, and the reaction is standardized. 
Agar.—Carbolized agar, in the proportion of 1 in 1,000, is always used. 


Milk, Fresh sterilized litmus milk tubes are used. 
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‘TEMPERATURE OF INCUBATION 


For gelatine ... are se 5s see ae Ones 
For carbol agar et Ae oe i naar sho” GC: 
For milk 2 ae 4 eas ee w+ 37° C, (anerobically) 


Time oF INCUBATION 


For gelatine ... ve cs ae Oi ... 72 hours 

For agar sf ne = a — 24-48 ,, 

For milk F ons ee ee ie 24-48 4, 
DiLuTIONs 


In the case of all drinking waters, and in other cases where the number of organisms will 
probably not exceed 300 in I c.c., one cubic centimetre of the water is mixed with the gelatine, 
agar, and milk. 

In those cases where the number or organisms is probably great, dilutions of 1 in 10, I in 


50, I in 100, &c., are used. 


Use oF THE Various Mepia 


The ge/atine is used for quantitative analysis only, serving to indicate how many bacteria 
are present in I c.c. of water. “The counting is made at the end of 72 hours. ‘The proportion of 
liquefiers to non-liquefiers is not taken into consideration. A collection has been formed of all the 
different organisms isolated from the water samples, and these are kept alive by constant 
re-inoculation. 

The carbol agar, to which 1 c.c. of water is added, is for determining the presence or 
absence of the B. coli in that quantity of fluid. The proportion of carbolic acid in the agar is 
I in 1,000 when the I c.c. of water to be tested is added. 

The milk, to which 1 c.c. of the water is added, is used for ascertaining the presence or 
absence of the B. enteriditis sporogenes. One cubic centimetre of the water is added to sterilized 
litmus milk and heated at 80° C. for 15 minutes, then incubated at 37° C. anerobically. 

The bacteriological investigations which have been made since the year 1898 may be 


described as experimental and routine. 


I. THe Experimenta INVESTIGATIONS 


These consist of the quantitative and qualitative analysis of— 
1. Unfiltered Waters. 
(2) Samples of the surface moorland of the watersheds. 
(4) Streams and rivulets running into reservoirs. 
(c) Land drains running into reservoirs. 
(d) Reservoirs. 
(e) Conduits leading the water to the filter-beds. 


The above examinations are conducted on the Rivington and Vyrnwy watersheds. 
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2. Wells—Experimental investigation is made from time to time to ascertain the number 
of bacteria present in the bore-holes and issuing from the numerous fissures at the bottom of the 
well. Analyses are also made of the water at various periods under ordinary conditions of 


pumping. 
3. Dead Ends.—-From time to time the water in the dead ends of the mains is investigated, 


samples being taken at minute intervals during the 10 to 15 minutes when the pipe is being 
flushed. 

4. Service Reservoirs.—These are from time to time examined. Bacterial analyses are also 
made to ascertain the effect of varying rates of filtration upon the filtered water; also the condition 
of the filtered water after passing through a newly-made bed, or bed the surface of which has 
been scraped. 

At Oswestry the water engineer has constructed numerous small test-filters, and the 
effuent from these is periodically examined. 

5. Deposits and Filtering Materials—From time to time quantitative and qualitative 
analyses are made of the deposits forming in the interior of the unfiltered water-pipes ; also of the 


sand composing the filter-beds, and of the sand at the bottom of the wells. 


II. THe Rourine InvestiGATIoNs 
These are— 

(a2) Daily ... Drinking water supplied to city and collected on Mount Pleasant. 

(6) Fortnightly Ashton Hall tap. 

(c) Monthly .... The three wells—(a) Windsor, (4) Dudlow Lane, (c) Green 
Lane ; the Rivington and Vyrnwy water at Prescot, and the 
mixed water at Prescot. 

At the present time the analysis is quantitative and qualitative, and the standard is that 
the water contains— 
(2) Less than 100 bacteria per c.c. 
(6) No B. Coli 


(c) No B. enteriditis sporogenes. 


RESULTS OF THE ANALYSES IN 1899 
Datty ANALYSES 


Since the 4th December to 3rd February, 1900, the average number of bacteria per cubic 
centimetre in the drinking water supplied to the city, and obtained every morning from a public 


drinking fountain in Brownlow Hill, corner of Mount Pleasant, is 24 per c.c. 


FoRTNIGHTLY ANALYSES 


These have been made from a tap in Ashton Hall (Museum of Hygiene) supplied directly 


from the main. Average number of bacteria 55 per c.c. 


BACTERIOLOGICAL INVESTIGATIONS 1@ Ey) 


Average number of 


MonrHty ANALYSES hectetia cet 
acteria per C.Cc. 


Vyrawy Water.—Samples taken at Prescot ae fea es a sae? = 26 
Rivington Water.—Samples taken at Prescot... ae se ee ey 
Dudlow Lane Weh “a3 ese ae es 3% sag Bie bio 
Green Lane Well (excluding temporary increase through disturbance by 
workmen) wis ne oe oe oe wee O5 
Windsor Well... ive os ie me oe #03 oe cea 57 


SPECIAL INVESTIGATIONS 
RIVINGTON 


The unfiltered water going on the filtered water-beds contained 100 bacteria per c.c, 


The average in the filtered water was 30 per c.c. 


Lake VyRNWY AND OSWESTRY 


Samples taken from various parts of the lake and from various depths gave an average 
number of 31 bacteria per c.c. Samples from the principal feeders of the lake gave an average 
of gi bacteria per c.c. An examination of the water at several points along the course of the 
pipe-line, from Vyrnwy to Oswestry, showed the number of bacteria per c.c. to be at Hirnant, 42 ; 
at Parcuchaf, 28 ; and at Cynynion, 34. 

The number of bacteria in the unfiltered water at Oswestry varied very greatly. Samples 
were collected from various places in the filters above the sand-beds, and it was found, as might be 
expected, that the number of bacteria was far greater in the corners than near the point of entry. 
The highest number of bacteria varied from 700 to 800 per c.c., and probably an average of 50 
per c.c. would be correct. The water in the pipe-line supplying the Oswestry filter-beds 
contained, on an average, 40 per c.c., and it is therefore highly probable that an increase takes place 
in the water standing upon the filter-beds during the filtration process. The average of the 


filtered water as examined at Oswestry was 30 per c.c. 


WeLL WareER 


During the year 1898 and 1899 opportunity was taken, when the Green Lane and 
Windsor Wells were emptied, to make a thorough examination of the water issuing from the 
numerous fissures in the side and vault of the wells, and also of the water issuing from the 
bore-holes. 

‘The examination proved of very great interest. It was found that the number of bacteria 
varied very greatly in the water issuing from the fissures. “The highest number was 800 per c.c., 
whilst some samples were sterile. “The average for all samples for the Green Lane Well was 134 
per c.c., and that for the Windsor Well 73 per cc. ‘The sand on the bottom of the well was 


subject to a bacteriological analysis and the B. enteriditis sporogenes was found, 


118 THOMPSON YATES LABORATORIES REPORT 


Deapv Enps 
It was important to determine how far bacteria multiplied in the stagnant water at dead 
ends of mains. When the water in a dead end is allowed to flow out the first rush is often clear, 
but it is immediately followed by black and rusty water. Much to my surprise the number of 
bacteria present in the very black and rusty water is very small. The highest number out of the 
numerous series of analyses was 1,500 per c.c., and the average was about 600 per c.c. 
When the water had become clear again, which usually takes place in 7 to 10 minutes, the 


average came down to 40 per c.c. “These observations are most satisfactory. 


BACTERIOLOGICAL INVESTIGATIONS FOR OTHER 
CORPORATE BODIES 


Arrangements have recently been made with the Warertoo and SEaForrH District 
Council, with the Urban District Council of Hinpiey, and with the Corporations of WARRINGTON 
and Wiacan, for systematic bacteriological analyses, and the report of the work done for these 


bodies will appear in a subsequent volume of the Thompson Yates Laboratory Reports. 


THE PATHOLOGICAL DIAGNOSIS SOCIETY OF 
LIVERPOOL 


W. B. WARRINGTON, M.D., Drrecror 


INTRODUCTION 


The introduction of the more exact methods of investigation to the Art of Medicine has 
added considerably to the ability of the practitioner to diagnose the various forms of disease. 

So much is this so that a Clinical Laboratory is regarded by many as a necessary adjunct 
toa hospital. Important works dealing with the application of Bacteriology and Chemistry to 
bedside medicine have been published by Von Jaxkscu, Simon of the Joun Hopkins University, 
Hurcuison and Rarney, and others, and have done much to emphasize the value of following 
cases in the Laboratory. Much of the work and time of a distinguished Liverpool alumnus, the 
late Professor KANTHACK, was devoted to the same idea, viz., the intimate relations which 
should subsist between the bedside and the Laboratory. In May, 1897, Professor Boyce 
considered that an attempt should be made to place the facilities offered by the Laboratory at the 
disposal of the Medical Practitioners of the neighbourhood. 

Invitations were accordingly sent to a large number of members of the profession residing 
in the North of England and Wales, asking their co-operation in the formation of a society 
whose object it should be to thus supplement the work of the clinician. 

About 150 practitioners responded to the invitation, and promised a small annual 
subscription in order to defray the necessary working expenses. With the removal of the 
Pathological Department to the THompson Yates Laboratories the labour of those who undertook 
the examination of the various morbid specimens was greatly faciliated, and permitted of a more 
satisfactory organization. ‘The society is now nearing the close of its third year, and the number 
of reports issued to its members has doubled since its foundation. ‘There can be little doubt that 
the value of work of this kind will increase, and it is within very recent date that the important 
agglutinative action of Typhoid serum has been utilised in a routine way for the diagnosis of that 
insidious disease. 

WORK OF THE SOCIETY 
1. Medical Practitioners joining the society are enabled to receive, free of cost, reports on 
the following subjects :— 
1. Suspected tuberculosis. 
2. Suspected diphtheria. 
3. Typhoid serum reaction. 
4. Nature of tumours. 
5. Nature of urinary deposits. 


More extensive investigations can, however, be undertaken should occasion arise. 
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2. Specimens from Hospitals will also be investigated. Reports are at present issued to 
The Children’s Infirmary, Liverpool. 
The Royal Albert and Edward Infirmary, Wigan. 
The Southport Infirmary. 
The Asylum, Chester. 
The Wirral Children’s Hospital. 
3. Members are provided with appliances for forwarding the specimens. 


4. Reports are issued as early as possible. 


DIRECTIONS FOR SENDING MATERIAL 
SPUTUM 


A small quantity only is necessary, and it is advisable that the more solid portion of the 
expectorated material should be sent, unmixed with any fluid. For transmission, a clean wide- 


mouthed bottle is best. Marked haemorrhagic sputum is unsatisfactory for examination. 


DipHTHERIA 
A sterilized swab is provided. 


The directions are as follows :— 

Before using any antiseptic application to the throat, rub the swab on the diseased surface, 
endeavouring to obtain as much material as possible ; the minimum should be at least visible to 
the naked eye; return to the test tube and post at once to the Laboratory. 

In suspected laryngeal diphtheria the material should be obtained as far back in the pharynx 
as possible. 

TypHorp SERUM 

Capillary tubes for collecting blood are provided. 

Members should bear in mind the following points :-— 

1. The reaction is not often obtained till after the first week of illness, hence, in all early 
cases in which the report is negative, a second sample of blood should be sent. 

2. Before collecting the blood, the skin should be thoroughly washed and cleansed in spirit 
and then allowed to dry. The lobe of the ear is a very convenient place from which 
to obtain the blood. 

BLoop 

i. Examination for organisms—The use of the several antitoxic sera renders a preliminary 
examination of the blood necessary. Statistics show that organisms are found in about 
10-20 of suspected cases. 

It is advisable to send as large a quantity of blood as possible, and this is best done by 
withdrawing a syringeful from a superficial vein of the arms, strict antiseptic 
precautions being taken. 

ii. Microscopic examination.—Thin films should be made on perfectly clean coverslips at the 


bedside and forwarded to the Laboratory. 
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‘TuMouRS AND OTHER TrssuEs FOR HistoLocicaL EXAMINATION 


In case of tumours, select from the edge of the new growth, and, if possible, include some 
of the adjacent healthy structure. Those parts of a tumour showing caseous or degenerative 
change should be avoided. 

As the nature of a tumour is often a question of the utmost importance, we must emphasize 
that it is not always in the power of the pathologist to give a positive answer as to the nature of 
the growth. In such doubtful cases the clinical characteristics are more important than the 
histological features. 

Method of sending material—TVhe most convenient way is to wrap the piece of tissue 


selected for examination in cotton wool moistened with weak spirit or 4 °/, formol. 


W. B. Warrincton, Director. 


MUSEUM REPORT, 1899 


During the past twelve months over 100 new preparations have been added to the 
museum. In many cases the specimens were of great value in illustrating pathological conditions 
of some rarity. 

We may note among the specimens related to the Alimentary “Tract— 

COX Epithelial pearls from a median dermoid of the floor of the mouth. 
A 121x2. ‘Tubertular ulcer of the stomach. 

A 190 x. Stricture of the Jejunum, the sequel of a simple ulcer. 

B 1ox1. — Abscess of the liver, rupture into pericardium. 


B 36x1. Adenoma of the liver, with a secondary green growth in the 


mediastinum. 
B75 x. Hemorrhagic pancreatitis. 
Dias, Carcinoma of the kidney, originating in the glomeruli. 


In the gynecological section many important specimens have been added by Professor 
Bricocs, and Dr. Witter has given valuable assistance in preparing them for the museum. 

In the section devoted to diseases of the circulatory system we may single out— 

I 12x 1. Calcareous pericardium. 

I 22x. Pigmented heart in AppIson’s disease. 

175x.  Tubercular endocarditis. 

I 161 x. Dissection of the neck after ligation of all the carotid arteries, and all 
the jugular veins on the left side. 

In the nervous section a few specimens have been added, but diseases of this system are 
perhaps the most poorly represented section of our museum. 

A specimen of the black variety of Madura foot has been added ; this was due to Captain 
Bennett, I.M.S., an old student, and we hope that many of our men who may come across 
specimens will not forget us. 

A very important addition to the museum in the form of a large series of radiographs 
(200), we owe to Dr. THursran Hottanp, and it is hoped that sufficient money will be found 


to have them suitably mounted and placed in the museum for permanent reference. 


COMPARATIVE PATHOLOGY REPORT 
By J. F. RYDER 


During the past year special efforts have been made to increase the number of Animal 

g y 

Pathological specimens in the museum, and to make this department of Comparative Pathology 

more complete; to add specimens showing the close relationship existing between the diseases 

of man and those of the lower animals; and to make the collection not only one of scientific 

; y 

interest but of practical value to students of research, D. P. H. students, and meat inspectors. 

The museum now contains about 100 specimens, and new specimens are being received 
i ) 
and mounted almost daily. In many cases the specimens are of great value in illustrating 
pathological conditions in different animals. In the majority of specimens sections have been 


cut and mounted for microscopical examination and can be seen at any time. 


We may note among the specimens such interesting ones as 
No. 44. Actinomycosis of tongue. Bovine. 
No. 49. CHosophagostoma columbianum, or nodular disease of intestines in sheep. 
No. 52. Tubercular mammary gland from cow. Animal giving milk. 

ys g 
No. 64. Tubercular lungs, liver, and intestines from a fowl. Avian tuberculosis. 
No. 66. Tubercular lungs and liver from a goat. Very rare. 


No. 67. ‘Tubercular lungs from calf two weeks old. 


No. 69. Carcinoma of mamma, bitch. Secondary growths in liver, spleen, lungs, and 
on pleura. 

No. 74. Tubercular spleen. Bovine. 

No. 80. Liver from pig, showing numerous gall-stones from size of pea to hen’s egg. 

No. 16. Nasal septum from horse. Glanders showing ulcers. 


A descriptive catalogue of the museum will be ready very shortly. 


REPORT OF THE HOLT FELLOW IN PATHOLOGY 
E. E. GLYNN, B.A. Canras., M.R.C.S. 


The Fellowship was founded for the promotion of Pathological Research, and in order to 
give the Professor of Pathology an Assistant in the work of the Department. The 
appointment is an annual one, and has produced great good. Dr. CHRISTOPHERS, at present on 
the Royal Society’s Malariai Expedition, Dr. ANNnerr, and Dr. Durron, engaged upon the 
second Liverpool West African Expedition for the Study of Malaria, have all been Holt Fellows. 

The work of the Fellow has consisted in— 

(2) Preparing microscopical specimens for the students’ classes in morbid histology and 
bacteriology. 
(4) Making microscopical and bacteriological examinations for the Professor of Surgery. 


(c) Conducting certain investigations on Baci//us coli and Bacillus enteritidis sporogenes. 


THE COLONIAL FELLOWSHIP 


This Fellowship has been most generously founded by Mr. Witttam JoHNsToNn to 
encourage Bacteriological Research. It is open to graduates of our Colonial Universities, in order 
to afford them an opportunity of coming to Europe and of seeing what is being done in other 
places. It will, no doubt, conduce to further increase the bond of union which exists between 


this Country and her Colonies. The Fellowship is vacant at present. 


REPORT OF THE ALEXANDER FELLOW 
A. STANLEY GRIFFITH, M.B. 


The ALEXANDER Fellowship was founded by Dr. ALExanpeR, in July, 1899, and Dr. A. 
STANLEY GRIFFITH appointed the first Fellow. The Fellowship was founded to promote the 
advancement of Medicine by Research. ‘The main object of the Fellowship is research; but the 
Fellowship carries with it certain duties in connection with the BRowNnLtow Hitt WorkHousE 
InFirmary, and the MacHutt Home For Epireprics, such as the examination of tumours, 
blood, and bacteriological analysis. “The material furnished from both these institutions, numbering 
some 2,000 patients, offers a very large field for investigation. “The ALEXANDER Fellow has already 
taken advantage of his facilities, and has commenced an investigation into the bacteriology of the 


various forms of Ophthalmia. A preliminary report of this investigation is appended. 


- 


PRELIMINARY REPORT ON OPHTHALMIA 


HisToLtocicaL APPEARANCE OF AN ACUTELY INFLAMED CoNJUNCTIVA 


The areolar tissue beneath the epithelium and the tissue around the meibomian glands is 
infiltrated with numbers of small round cells; the infiltration is general, but here and there 
the cells are aggregated in small masses; the masses are distinctly circumscribed, yet do not 
possess any capsule. ‘The epithelial layer of the conjunctiva has suffered some loss, especially at 
those places adjacent to the round cell collections. “The vessels are dilated and engorged with 
blood. Numerous coarsely granular plasma cells are observed, some of which have been ruptured 
with a discharge of their contents into the surrounding tissues. A few bacilli were detected, but 
only in small numbers. 

During the investigations I was fortunate enough to obtain some poorly nourished kittens, 
suffering from muco-purulent ophthalmia, the eye discharge of which contained a_ bacillus 
somewhat similar to that present in muco-purulent ophthalmia. Although the leucocytes of the 
discharge contained the bacillus in appreciable numbers, the vast majority were discovered massed 
together around and in close association with epithelial cells. The bacilli occurred mainly in 
pairs, and varied little in form; the longer bacilli had squarish ends with a very small interval 
between the elements ; shorter forms were oval and had a distinct interval. The tissues of the 
conjunctiva were infiltrated with small round cells which were here and there grouped together 
in small masses ; the vessels were engorged with blood, and many plasma cells were present. 

It may be of some interest in this connection to describe the histological appearances of a 
kitten’s cornea, rendered opaque by a severe acute inflammation. 

At the periphery of the cornea there is the normal stratified layer ot epithelium, consisting 
of columnar epithelium on a basement membrane, with cubical and squamous cells above. As the 
opacity is approached the thickness of the epithelium diminishes ; first it is represented by a double 
layer of cells, then a single layer of cubical cells, and finally, when the opacity is reached, the 
epithelium has entirely disappeared. 

Where the epithelium has disappeared the basement membrane cannot be detected, and the 
substantia propria corn for a thickness of 6 or 7 lamine has undergone a kind of coagulative 
necrosis; it is represented by an open network of slender fibres enclosing some degenerated remnants. 
In several places the continuity of this network is broken by a further destruction of tissue in the 
shape of a minute ulcer. The edges are fairly smooth, and the floor is only separated from the 
normal substantia by one or two necrosed lamalle. 

At the periphery of the cornea, and for a short distance into its substance, there is a round 
cell infiltration, with deposits of blood-pigment in the dilated blood-vessels and the spaces of the 


corneal substance, 
=k 
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Hisrotocy or INFLAMED CONJUNCTIVA IN WHICH THERE ARE A FEW GRANULES 

There is the same abundant leucocytic infiltration as in the acutely inflamed conjunctiva ; 
but the small round cells are chiefly aggregated in the tissues immediately beneath the epithelium, 
and around the Meibomian glands ; the areolar tissue is not so profusely infiltrated. At this stage 
a more distinct formation of the round cell masses is observed beneath the epithelium and in the 
loose subepithelial tissue. “The masses are quite isolated, but do not possess any distinct capsule ; 
running around the cells, however, is a delicate reticulum of fibrous tissue. When the mass is 
situated beneath the epithelium it causes on the surface of the conjunctiva a projection, which 
consists of dense, deeply-staining fibrous tissue almost entirely denuded of epithelium, one or two 
columnar cells alone remaining. In one specimen this thickening at the conjunctival surface had 
not occurred and the mass of cells had apparently ruptured, the contents being partly discharged. 
Very few plasma cells could be observed. There was early formation of young connective tissue 
in some amount. 

SECTION THROUGH a TypicaL GRANULOMA 

Granules consist of small round cells enclosed by an incomplete capsule of bands of fibrous 
tissue, and a delicate reticulum of fibrous tissue around the cells. Bands of connective tissue also 
run through the mass. Around the granule there is very little leucocytic infiltration, and plasma 


cells are not so abundant. Slender bacilli were found in large amount in one instance. 


EXAMINATION OF THE DISCHARGE FROM DIFFERENT CASES, OF OPHTHALMIA 


Muco-PuruLeEnt OPHTHALMIA 


Method of Examination—After the lid had been completely everted some of the discharge 
was taken from the fornix conjunctive on the loop of a platinum wire, and cover-glass 
preparations were made in the usual way. By this method a sample of pus was obtained free 
from the risks of contamination incurred if taken from the margins of the lids, or from the internal 
canthus. ‘The pus consisted of large numbers of poly- and uni-nuclear leucocytes, epithelium cells, 
strings of fibrin, and bacteria. The bacteria found are of several varieties, the one of most 
frequent occurrence was a short, slender bacillus, usually seen in pairs ; but also found singly and 
in short chains. ‘These bacilli were seen not only outside the leucocytes but also massed together 
inside, and often entirely filling them ; other leucocytes had a smaller number, and some contained 
only one or two in their substance ; they were also seen in close association with epithelial cells. 
The bacilli were only found in leucocytes when the reaction of the tissues was great. In the more 
chronic cases the leucocytes did not contain them 

The bacillus occurred principally in a diplo-form, although it was often seen singly and in 
short chains. Its numbers were sometimes enormous, especially in the acuter forms of muco- 
purulent catarrh ; the numbers diminished as the acute symptoms subsided. A morphologically 


similar organism has been detected in normal nasal mucus. 


GRANULAR CONJUNCTIVITIS 


When the discharge is scanty isolated examples of the slender bacillus are seen. Cocci, 


diplococci, and xerosis bacilli occur in small numbers, 
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Acute discharge from trachomatous eyelids contains quantities of the slender bacillus ; they 
are also found enclosed in leucocytes. 


The other organisms are not increased to any great extent. 


AcutrE OPpHTHALMIA 


A few cases have been examined. Whereas in muco-purulent ophthalmia the slender 
bacillus is invariably the causal agent, acute ophthalmia may be caused by different organisms. 
The gonococcus was chiefly the cause of acute conjunctivitis in infants. In older children and 
adults the pneumococcus was often found to be the cause of an acute ophthalmia. “The Kocu- 
WEEK’s bacillus can excite an inflammation indistinguishable from gonorrhoeal inflammation. 

‘The organisms found in and cultivated from the eye discharges were of a numerous and 
varied description. 

All the common varieties of staphylococci were found. Staphylococcus aureus occurred 
most frequently, and was invariably found when there was any blepharitis. 

Staphylococcus albus occurred next in frequency, and was especially found in cases of 
trachoma. 

Biscuit-shaped cocci were cultivated in many instances; they probably represent the 
trachom-cocci of SATTLER. 

Pure cultures of the zerosis bacillus were obtained in about 80 {% of all the inflamed eyes 
examined ; it was in a large number of cases the only organism cultivated. It grew most readily 
on serum, and often liquefied this medium in the form of little pits. 

The bacillus lacunatus, described by Eyre, was found to have a strongly liquefying action 
on serum : the liquefied serum contained grey and white masses, and was turbid with suspended 
growth. Microscopically, the cultures in the first instance were impure containing cocci, 
slender bacilli, and the bacillus lacunatus. ‘This bacillus mainly occurred in pairs and measured 
1.5 « by 2 uw in length by 1 y& in breadth. 

A colon bacillus was cultivated in 8 or 10 cases. It occurred in simple conjunctivitis, 
muco-purulent ophthalmia, and dacryo-cystitis. 

Cultivation on artificial media of the slender bacillus found in the discharge of muco- 
purulent catarrh and acute trachoma was very difficult. It does not grow on the ordinary 
laboratory media. A limited growth has, however, been obtained on human blood agar and on 
serum. ‘The growth, in one instance, consisted of a number of minute colonies aggregated 
together to form a small transparent irregular mass. Single colonies were small and circular, the 
margins slightly raised above the surface of the medium, and the centre rounded and elevated. 
Older colonies have a frilled margin. The bacillus was commonly found growing in the 
neighbourhood of xerosis or staphylococcus colonies. In cultures the bacillus occurs singly, in 
pairs, and in threads. ‘There is usually a distinct interval between the elements, especially when 
the individuals forming a pair have a short oval shape. ‘The longer bacilli form palisades. 

Staining reactions.—It stains well with fuschin, and poorly with methylene blue and dahlia ; 


the stain is not retained by Gram’s method. 
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Thermal death psint-—About 60° C., exposed for 10 minutes. 

Anéerobiosis.—It is an obligate anierobe. 

Clinically it is impossible to differentiate the various diseases manifesting themselves in the 
acute affections of the conjunctiva. A correct diagnosis can only be arrived at with the aid of the 
microscope. By examination of numerous acute discharges it is certain that the bacillus first 
discovered by Kocu, and afterwards more fully described by Wexks, is capable of exciting quite 
as acute an inflammation as the gonococcus. In many cases in which the Kocu-Wexgx’s bacillus 
was the only organism discoverable the eye condition closely resembled that of gonorrhceal 
ophthalmia. ‘The quality and quantity of the discharge and the severity of the inflammation are 
not, therefore, certain guides to a diagnosis of acute inflammations of the eye. Acute inflammations 
of the eye are, undoubtedly, caused in many cases by gonococcus infection ; but a diplococcus, 
exactly resembling gonococcus, has been found in acute discharges and enclosed in leucocytes, 
which stains by Gram’s method. 

The causal agent of muco-purulent catarrh is almost invariably the KocH-WEEK’s bacillus; 
the discharge in the more acute cases showed great numbers of the bacillus enclosed in leucocytes. 
With a decrease in the severity of the symptoms the number of leucocytes containing the bacillus 
becomes less. 

In a true case of granular lids with a very small amount of discharge there are few 
organisms of any kind present. When a case of trachoma suddenly develops acute symptoms, the 
Kocu-WeExgx’s bacillus is found in large numbers and enclosed in the leucocytes of the discharge. 
The organisms that mainly occur, such as staphylococci, xerosis bacillus, &c., when inoculated in 
healthy human eyes do not seem capable of exciting any morbid process. “The sudden development 
of acute symptoms, and the presence of the KocH-WeEk’s bacillus in large numbers in the 
discharge, is strong evidence that the acute symptoms are due to the virulent action of this bacillus. 
This development may be due to a separate infection, or to an access of virulence in an already 
existing microbe. “That the microbe does exist in granular lids with very scanty discharge has 
been proved by the microscope. ‘The theory of separate infection must not be disregarded, since 
the conditions for the development of muco-purulent catarrh are distinctly more favourable in a 
lid disorganised by granulations than in a previously normal one. 

The well-known infectivity of trachoma, and its occurrence in crowded communities, 
suggest that it is due to some irritant. easily conveyed from person to person; this irritant must be 
some bacterial organism. 

Authorities differ as to the presence of microbes in the granules. Sarrter and MiIcHer 
obtained from the contents of a granule a biscuit-shaped coccus, occurring in pairs, to which they 
ascribed the granular condition ; Karru is failed to demonstrate the presence of any organisms ; 
SHONGOLOWICZ in 26 cases of trachoma (? discharge) found a short bacillus not previously 
described. In specimens obtained from the Workhouse Infirmary a slender bacillus has been 
observed in the tissues. 

A granule is a chronic inflammatory nodule consisting of small round cells and delicate 


fibrous tissue ; it ultimately becomes converted entirely into cicatricial tissue. The granular 
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condition may be due to the entrance into the tissues of a microbe with a low degree of virulence 
exciting an inflammatory process which culminates in the formation of the round cell mass ; one 
may say that, instead of exerting an irritating influence, it has a stimulating effect on the tissues in 
its sphere of action. 

The result is exemplified in those instances where half a school is attacked by this dire 
disease without any symptom occurring to indicate that any person has contracted the complaint. 

Conclusions — That acute ophthalmia has not one specific microbe. 

That the short, slender bacillus is the cause of muco-purulent catarrh. 

That other organisms, after the catarrh has developed, may have some action in continuing 
and intensifying the inflammation. 

That a morphologically similar bacillus having been discovered in the healthy nasal mucus, 
the nose very probably supplies a primary source of infection in a conjunctiva, the resistance of 
which to morbid irritants has previously been lowered. 

That in granular conjunctivitis no organism prevails to which the morbid condition can be 
assigned. 

That when acute symptoms develop in a granular lid the increased inflammation is due 
to the short, slender bacillus. 

That granules are not merely lymphoid collections but inflammatory nodules resulting 
from the entrance of an organism. 

That clinically and microscopically there is strong evidence that muco-purulent catarrh 
and granular conjunctivitis may be due to the same organism acting differently with different 


degrees of virulence, and, possibly, with varying resistance of the tissues. 
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THE LIVERPOOL SCHOOL OF TROPICAL 
MEDICINE 


REPORT FOR 1899 
By A. H. MILNE 


The establishment of a School in Liverpool, in connection with University College and 
the Royal Southern Hospital, for the special study of Tropical Diseases, was originally suggested 
at the Annual Dinner of the Royal Southern Hospital, held on 12th November, 1898. The 
suggestion met with approval, and steps were immediately taken for the formation of such a 
School, 

COMMITTEE 


A Committee, representative of the various interests concerned, was formed under the 
Chairmanship of Mr. Atrrep L. Jones, the originator of the proposal. Mr. Witt1am Apamson, 
President of the Royal Southern Hospital, was appointed Vice-Chairman (representing together 
with Mr. A. L. Jones the Committee of the Royal Southern Hospital), and the following 
gentlemen were nominated by the public bodies named :—Principal GrazEBRook and Mr. 
Cuar.es W. Jongs, by the Council of University College ; Professor R. W. Boyce and Professor 
A. M. Paterson, by the Senate of University College ; Professor Carrer and Dr. ALEXANDER, 
by the Medical Board of the Royal Southern Hospital ; Mr. J. O. SrraFForp and Dr. E. Apam, 
by the Chamber of Commerce; Mr. C. Boorn, Jr., and Mr. J. W. Hucues, by the Liverpool 
Steam Ship Owners’ Association, and Colonel Gorrgy and Mr. J. CHapwick, by the Liverpool 
Shipowners’ Association. Professor Boyce was elected Dean of the School, Mr. J. O. SrraFForn, 


Honorary Treasurer, and Mr. A. H. Mixing, Honorary Secretary. 


FINANCE 


A subscription list was opened, headed by a yearly contribution of £350 promised by the 
Chairman for 3 years. A gratifying response was made to the appeal, not only in Great Britain, 
but abroad, and the total amount subscribed in 1899, together with fees and other items, amounted 
to slightly over £3,000. A list of the subscriptions for 1899 is appended to this Report. At the 
same time the expenditure has been necessarily very heavy, and with the enlargement of the 
School is bound to increase, but it is hoped that the scope of the School will not have to be 
limited owing to lack of financial support. 


STAFF 


The School have been fortunate in securing the services of Major Ross, D.P.H., &c., late 
I,M.S., as their Lecturer in Tropical Diseases, and of Dr. H. E. Annert, D.P.H., &c., as 
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Demonstrator. Major Ross entered the Indian Medical Service in 1881. In 1889 he studied 
Bacteriology under Krein, and obtained the Diploma of Public Health of the United Colleges of 
Physicians and Surgeons, England. In 1895 he was awarded the Triennial Parkes’ Memorial 
Gold Medal and Prize for a Memoir on Malaria. In the same year Major Ross was placed on 
special duty by the Government of India to report on and enforce Sanitary measures in the large 
station of Bangalore, and in 1898 was again placed on special duty by the Government of India 
to investigate Malaria and also Kala-azar. He was also Staff Surgeon and Officiating Residency 
Surgeon at Bangalore. ‘The chief point of interest, however, in connection with the appointment 
of Major Ross, is the fact that in 1897 and 1898 he, in conjunction with Dr. Parrick Manson, 
found a solution of the malaria problem, which has since been confirmed and accepted by the 
leading authorities. 

In addition to the above-named gentlemen, the services of the members of the Medical and 
Surgical Staff of the Royal Southern Hospital, and of various members of the Medical Faculty of 
University College, have been placed at the disposal of the School. 


INAUGURATION OF THE: SCHOOL 

The special ward set apart at the Royal Southern Hospital for the use of the School was 
formally opened on April 22nd, 1899, by Lord Lister. A Public Banquet was given in the 
evening to Lord Lisrer, to commemorate the inauguration of the School, at which many 
distinguished guests were present. 

WORK OF THE SCHOOL 

During the first part of the year the work consisted chiefly in organizing the material at 
the disposal of the School, and the fitting and furnishing of the laboratories. 

A Swedish missionary took out the course for missionaries during this period, and a medical 
man was engaged in research work for a few weeks ; further, a delegate from the Government of 
Belgium observed the work progress of the School during this time in order to report to the 
Minister of the Educational Department of the country. 

On the return of the Expedition (see subsequent paragraph) the School reopened on 
October 11th for the Autumn Term, which closed on December 16th. 

Several students took out the full course during this term; they included Professor R1BBING, 
Professor of Therapeutics at Lund; M. Lemarre, Assistant to Professor BLANCHARD, Paris ; 
Dr. Haywarp; Dr. Pickets, Assistant Colonial Medical Officer, Lagos; Dr. Norris, who 
proceeds at once to the hospital at Blantyre, Central Africa, and others. A missionary took out 
this full course before setting out for the Niger Protectorate. Major Brack and the Belgian 
delegate also attended some of the Lectures and Demonstrations. 

The work for the terms consisted of — 

(1) Lecture delivered three, four, and sometimes five times each week by the Lecturer 
on Tropical Medicine, illustrated by lantern and microscopical demonstrations. 
(2) Clinical instruction in cases of Tropical Disease at the special ward of the Southern 


Hospital, twice or three times a week by the Honorary Physicians of the Hospital. 
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(3) Instructions in special clinical methods in connection with Tropical Diseases by the 
Lecturer and Demonstrator of Tropical Medicine. 
(4) Practical work and demonstrations on the parasitology, bacteriology, and pathology 
of Tropical Diseases by the Demonstrator at the THompson Yates Laboratory, 
University College. 
The School is indebted for material and specimens for teaching and museum purposes to 
Dr. Patrick Manson, Dr. Turn, Professor BLANCHARD, and to medical men in India, Cape 
Colony, and West Africa, including the Royal Society’s Malaria Commission. 
The Committee have issued during this term two special memoirs, written by members of 
the teaching staff of the School— 
No. I. Instructions for the Prevention of Malaria, intended for persons residing in 
malarious places. 


No. II. Report of the Malaria Expedition to W. Africa. 
HOSPITAL REPORT 


There has been an abundance of cases of Tropical Disease treated in the special ward of 
the Royal Southern Hospital during the year under revision, as the Table annexed to this Report 
shows. From this Table it appears that 176 cases in all were treated, of which 152 were 
Malarial Fever cases, 2 Malarial Neuritis, 3 Blackwater Fever, 5 Dysentery, 3 Sprue, 1 Diarrhoea, 
1 Malta Fever, 5 Beri-beri, 2 Hepatic Abscess, 1 Scurvy, and 1 Bilharzia Disease ; out of all 
these only 6 patients died. The nationalities of the patients were as follows :—English 151, 
Norwegian 5, German 3, Finnish 3, Swedish 2, Lascar 3, Italian 2, Chinese 2, and 1 American, 
Dutch, Spanish, Malay, and Austrian. ‘The interesting points in connection with this Table are 
(1) the variety of diseases treated, and (2) the different nationalities of the patients. With more 
accommodation the list will, no doubt, be largely extended, but as it stands it thoroughly justifies 


the establishment of a Tropical Diseases School in Liverpool. 


EXPEDITION TO WEST AFRICA 


The most important result, however, achieved by the School was the despatch of an 
Expedition to West Africa to investigate the prevalence there of Tropical Malaria and other 
diseases. “The Expedition, which started at the end of July and returned in October, chose Sierra 
Leone as the field of their labours, owing to its proximity to Liverpool, the time at their disposal 
being short. The following composed the Expedition: Major Ross, Dr. H. E. Annert, 
Dr. R. Frevpinc-Outp, Mr. E. E. Austen (officially appointed as Naturalist by the British 
Museum), and Dr. Van Neck (Delegate of the Belgian Government to the School). The 
United States Government would have appointed a Delegate to join the Expedition, but the short 
notice given, which was unavoidable, unfortunately prevented their participation. ‘The results of 
the Expedition have been in the highest degree satisfactory, and a valuable Report on its labours 
is now in course of preparation and will shortly be issued. It may be stated that Dr. R. 
FreLpInGc-OUuLp also proceeded to the Gold Coast and Lagos, and his observations thereon will be 


incorporated in the full report of the Expedition. 
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The Expedition brought back a considerable amount of very valuable material for teaching 
purposes, more especially a unique collection of malaria infected mosquitoes, which have proved 
exceedingly useful for demonstration purposes. 

The thanks of the School are due to the Chairman, who generously defrayed the entire 
cost of the passages of the Members of the Expedition, and to the British Medical Association, 


who voted a large sum towards the expenses of the undertaking. 


TRAINING OF NURSES 


‘The important question of specially training Nurses for the tropics has not been overlooked, 
and the School has already received, and trained at its own expense, in the SamugL HENRY 
THompson Ward of the Royal Southern Hospital, two Nurses sent to Liverpool by the Colonial 


Nursing Association. This is a branch of the School that may be extended with great advantage. 


RECOGNITION BY THE GOVERNMENT 

At the time of the issue of this resumé full recognition by the Government has not yet 
been extended to the School, and until that recognition is given the class of students most desired, 
namely, medical officers about to enter into the service of the Government in Tropical Colonies, 
will not be attracted. It is confidently expected, however, that full recognition will shortly be 
given, and that the medical officers in question will be allowed the option of undergoing their 
course of instruction in Tropical Medicine at Liverpool. ‘The School is indebted to the various 
Government Departments for many important Medical and Statistical Blue-books, and to the 
Colonial Office for cordial support, especially in connection with the Expedition. 

In conclusion, the Committee take this opportunity of expressing their thanks to the 
Public and the Press for much valuable assistance ; and at the same time they desire especially to 
thank the Members of the Expedition referred to above, who gratuitously undertook a laborious 


task attended with a very considerable amount of personal risk. 


Brio, ExcHancE BUuILDINGs, 


LiverpooL, December 30th, 1899. 


APPENDIX No. 1 


HOSPITAL REPORT—SUMMARY OF CASES 


Month. Caiee, “Fevers neuritis, Fevers rye 88%. Diarthera. Royee, Berkberis Anne Seurvye Disease, 
fentaryen., 5 oss. A fo) fe) fo) I ro) fo) fe) fo) ro) fo) 
Rebruaty...15 .:. 4 fo) I fo) fe) fo) fo) fe) f<) fe) fe) 
March)... 15 ... 14 fo) fe) fe) fo) fe) fo) I fe) fo) fo) 
Aprilee ce Ge aoe ee) I ° I ° fo) fe) ° fe) fe) ° 
May ...... 107 =. 8 ° ° I ° ° fe) I fe) ° ° 
une .2.32. Lig Lae eee fe) fo) ° fo) fe) I fe) fo) fo) fo) 
aly sc... Zope. 19 fo) I 2 ° fo) fo) I I fo) I 
PAUP USt i229 35 +. 32 I fo) ° 2 fe) ° fo) ° fo) ° 
Beptember 17 ... 16 fo) fe) fe) fe) ° fo) fo) I fo) fe) 
@ctober..; 19°... 17 fe) ° fo) fe) 1 fe) fo) fe) I fe) 
November 13 ... 10 fe) I I fe) fo) fe) I fe) fo) ) 
December 13) 2-. 12 ° fe) ° fe) ° ° I ° ° fe) 

Total...176 52 2 3 5 3 I I 5 2 I I 

DETAILED SUMMARY OF CASES 
JANUARY 

Sex. Occupation. Nationality. Period as In-Patient. Result. Disease. 

M meatal sae ase English... 20 days... Recovered... Malarial Fever. 

M Fireman Fr — 20m ae Be Are a 

M Boilermaker... ... » er TO" see 5 5 

M Steward ee Fe _ U3 ass cass oes 5 

M BireMan= sie see Malay... ... 2 spent Death ... Sprue. 

FEBRUARY 

M Ship-Cook ...  ... Austrian... 6 days... Recovered... Sprue. 

M Steward oes English... Ors Soe eee ss 

M Seaman... en 5 Kise Tilt. yet rr ven 5) 

M Captain (Army) ... 3 ef ere Death... Blackwater Fever. 

M Fireman wate FA, Lascar ee Ona Recovered... Malarial Fever. 

MARCH 

M Sealianiesee wees ees English... T2.days.a- Bye < ce Malarial Fever. 

M Trader .. a a OStaeas. css Se, see 

M Sea Tilatiie men eee Norwegian... ey aoe 5 ” 

M Steward Nw = English... ZOM as “ ; 

M Seaman... 3 nee Tame face Ps oe - 


See Se Se ee 


SSSS585 


SSSSSSES5S588 


SSSSSESSESSSSS8 


sss 5 
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Occupation. Nationality. Period as In-Patient. Result. Disease, 
Labourer English 47 days... Recovered... Malarial Fever. 
Seaman... Swedish... Not reported - 
Steward English... LOm eee Recovered... A 
Fireman 3 Bee Not reported Af 
Seaman... me Ae See Wee Recovered... ea 
Engineer 5 a sy a a 
Seaman... Chinese... SOEs a Beri-beri. ~ 
Cook German... Se a Malarial Fever. 
Carpenter Inshobo) Hae aon SONNE cre Ba os 5G a 
Fireman English... Tyee sare (Irregular)... o 

APRIL 
Missionary American .... 176 days... Recovered... Malarial neuritis. 

— English... ZQ io ieee et " Dysentery. 
Seaman... eae - Malarial Fever. 
Fireman i" 8 4; u a 
Steward _ 60 5, 99 » 

MAY 
Engineer English 15 days... Recovered... Malarial Fever. 
Missionary i ar ie ee Death “ 
Steward » (India) 153) Seegea: Recovered... Beri-beri. 
Seaman... Es Aa 14. 5 i Malarial Fever. 
Fireman as = Sime’ . = 
Seaman... ‘ ae vay, es ms 
es Maltin Shee ee cs an TO ae - Dysentery. . 
Station Master(Uganda) Swede ... 14? 5, A Malarial Fever. 
Steward ae English! «2: 2A a a se 
Seaman... ~ Be BOs oo ie “s 
JUNE 
Fireman Lascar 43 days... Recovered... Malaria & Parotitis. 
Seaman... English... Owe ag Malarial Fever. 
Clerk Pe TOME asses: is a 
Engineer ee Same is Ses a 
Seaman... - Sales Relieved ... at 
Steward... a ay ies ete Recovered... Ps 
Seaman... i Zoe, Ps Malta Fever. 
Steward... 3 2 es Malarial Fever. 
Seaman... 53 (Nigh Ts A 38 
mia ” 12 9 ” ? 
” ce 25 ted Pe) 29 
E, = Tomes 5 a 
ee: & 2s 7s 55 
‘Trimmer 5 Ons; ” ” 
JULY 
Steward... English 19 days... Recovered... Malarial Fever. 
Seaman... - ne Not reported a p 
Mariner - wae 13 days... ee EE 
Steward... cs A 62 ane Ms Malaria & Pleurisy. 


n 
oO 
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SSSSSSESSSESES3 


Female 


SSSSESS5E8 


SSSSSSSSESSESSESS S535 55585 


Female 
Female 


SSSS8 


Occupation. 
Seaman... 
Seaman... : 
Army Lieut... 
Seaman... 
Cook ... 
Fireman 
Seaman... 


= re 
Cyanider 
Seaman... 
Trimmer 


Trader : 
Ship’s Officer 


Seaman... 


” 


” 


Clerk 


Seaman... 


32) 


” 


Seaman ... 

Bese att: 
Pantryman 
Seaman... 


9 


”? 
Fireman 


Storekeeper 
Seaman... 
Steward 


Ship’s Officer 


Fireman 


” 
Sailor 


Ship’s Officer 
Fireman 
Steward 
Married 

Nii 
Seaman... 
Labourer 
Seaman ... 


Ship’s Officer 


Seaman... 


DETAILED SUMMARY OF CASES 


Nationality. 


English 


ry. 


German 


English 


” 


Finn 
German 


English 


JuLy—continued. 


Period as In-Patient. 


14 days.. 
16 ,, 
LOmes 
9 » 
4° » 
7» 
20m 
i) 
Tole 
12), 
13 5, 
4 5 
10) 
9 » 
7» 
7 9 
27 5 
15 ” 
9 4 
15 9 
AUGUST 
17 days 
IRs 
9 » 
13, 
1D & 
17 ” 
17d) ee 
20, 
5 ” 
DQuys; 
5 oe 
1) 5, 
6 > 
6. 5 
TOn as, 
We) ©, 
14 5, 
6.3; 
Lome 
130 5» 
2 Sie. 
28) 55 
15 ” 
Owe 
TOMES 
TOl = 55 


Result. 


Recovered... 


” 


Relieved 


Recovered... 


” 


Death 


Recovered... 


” 
be 


” 


Death 


Recovered... 


va 


> 


Recovered... 


ced 


Relieved 


” 


Recovered... 


> 
” 


” 


Relieved 


Recovered... 


” 


»” 


Relieved 


Recovered... 


” 


14! 


Disease. 
Malarial Fever. 
” 

Beri-beri 
Malarial Fever 


Dysentery. 

Bilharzia Disease. 
Malaria & Dysentery 
Malaria 


‘Blackwater Fever. 


Dysentery. 
Malarial Fever. 
rh. 
” 


> 


Hepatic Abscess. 
Malarial Fever. 


” 


Malarial Fever. 


> 
Malarial Anemia. 


Malarial Fever. 
” 
”? 
” 


> 


Sprue. 


Malarial Fever. 
Malarial Neuritis. 
Malarial Cachexia. 
Malarial Fever. 


aN 
NS 


n 
Oo 
fad 


Se ed dl 


SSSSSSSESSRS8S5 55585458 


SSSS SSESESSSSSSSASSES 
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Occupation. 


Steward... 
Seaman... 
Steward... 
Seaman... 


3” sive. 


Steward... 


Fireman 


” 


Baker 
Steward .. 
Butcher 
Fireman 
Seaman... 
Steward... - 


” 


Fireman 

Seaman ... 
Soldier ... 
Seaman... 


Cook 


Fireman 


Seaman... 
oP) 

Pa ouct 
Steward... 
Fireman 
Seaman... 
Steward... 
Seaman... 
Fireman 
Seaman... 
Fireman 


bd. 


eee 
Seaman... 


Cook 


Trimmer 


Ship’s Mate ... 


‘Trimmer 


Ship’s Officer... 


Aucust—continued. 


Nationality. 
English 
” 


99 
Italian 


3 oe 
Norwegian... 


English 


12 
74 
26 
26 
21 


3 
28 


Period as In-Patient. 


15 days... 


SEPTEMBER 


English 


re) 


Norwegian... 


English 


12 
35 
II 
22 
27 
19 
15 
23 


7 days.. : 


” 


OCTOBER 


English 


Dutch 
English 


Lascar 


English 


29 
13 
14 


g days... 


Result. 
Recovered... 


” 


Death 
Recovered... 


Recovered... 


Relieved ... 


20 


Relieved ... 


”° see 


Recovered... 


Disease. 


Malarial Fever. 


Malaria & Pleurisy. 
Malarial Fever. 


Hepatic Abscess. 
Malarial Fever. 


Malarial Cachexia. 


2? 


Scurvy. 
Malarial Fever. 


Diarrheea (Trico- 
cephalus Dispar). 
Malarial Fever. 


n 
o 
Fa 


2zzzez! 


Female 


SSSSES 


SSSSSESSSESS5S5S8 


DETAILED SUMMARY OF CASES 


Occupation. 
Carpenter 
Seaman... 
Fireman 

”° 
Steward... 

5 ena 
Stewardess ... 
Carpenter 
Trimmer 
Trader ... 
Mate 


Fireman 


Seaman... 
Labourer 
Fireman 
Seaman... : 
Ship’s Officer... 
Naval Officer 
Fireman 
Dispenser 

Ship Surgeon... 
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Dedication. 


To 
FOUN EA Eso. le Pot AN JL). ba, 


CHAIRMAN OF THE LANCASHIRE SEA-FISHERIES COMMITTEE. 


Dear Mr. Fell, 

We think tt mest appropriate, and tt ts a pleasure to us, that 
this First Lancashire Sea-fisheries Memoir should be dedicated to you, the 
First Chairman of the Committee under whose auspices a large proportion of 
this and other scientific work on Fisheries questions has been carried on. 

ft ts widely known tn Lancashire that the formation of our Local 
Sea-Fisheries Committee was largely due to your personal energy and influence, 
and that to your wise guidance during the first decade of its existence is due 
wn great measure the success of tts administration, and its present commanding 
position. But it may be well to point out, what ts not so generally known, 
that from the first you recognised that the Sea-Fisheries form a department of 
general Marine Biology, and that sound legislation and administration must be 


founded on the results of scientific and other correct practical investigations. 


W. A. Herdman. 
Rk. Loyce. 


UNIVERSITY COLLEGE, LIVERPOOL, 


July, 1899. 


oa 1 a 5 , 
\ a = _ som Aine ne _ 
: ny ' : : r a fo ei gan a so 
” <= 
4 BS 
Fa = ; 
& 
a 


0 Toe 


INTRODUCTION 


CO NE IN Is: 


HISTORICAL SUMMARY - 2 2 : 


MATERIAL AND METHODS - 


STRUCTURE OF THE BRANCHLE : - 


THE PROTRACTOR PEDIS MUSCLE 


THE LIVER 


GREEN OYSTERS 


IRON AND COPPER IN OYSTERS - 


MICRO-CHEMISTRY OF THE GREEN OYSTER 


EXPERIMENTS IN FEEDING WITH METALLIC SALTS 


ON THE CONNECTION BETWEEN 


CONDITION OF 


BACTERIOLOGY 


CONCLUSIONS 


EXPLANATION 


OYSTER BEDS AND LAYINGS 
OF THE OYSTER AND OTHER 


OF THE PLATES 


OYSTERS AND INFECTION 


SHELL-FISH 


PAGE 


53 


56 


OYSTERS AND DISEASE, 


I.—INTRODUCTION. 


This research was commenced three years ago, and has been carried on inter- 
mittently in the intervals of other work. One of us (W. A. H.) had been working for 
some years previously at Fishery questions for the Lancashire Sea-Fisheries Committee, 
and so had become cognisant of the methods of growing and bedding Oysters on our 
coasts, of their variations in condition and colour, and of the want of exact knowledge 
as to their connection with disease. As this was clearly a matter of combined Natural 
History and Bacteriology, he proposed to his colleague (R. B.) that they should under- 
take a joint investigation of the structure and life-conditions of the Oyster in healthy 
and unhealthy environments—a matter of importance both for the Oyster industries 
and for public health. 

A preliminary paper on the plan of work and on the first experiments was laid 
before Section D. (Zoology and Physiology) at the Ipswich meeting of the British 
Association (September, 1895). This led to the formation of a small Committee to 
carry on the work, with the help of a grant of £40; and interim reports were sub- 
mitted at the Liverpool (1896) and Toronto (1897) meetings. The final report of that 
Committee was given to the British Association at Bristol last autumn. 

In these reports, necessarily brief and without illustrations, it has only been 
possible to give a summary of results; and, in the summer of 1897, one section of the 
subject—the presence of copper in the leucocytes of certain Oysters—was treated by us 
in a preliminary manner in a short communication to the Royal Society.* We propose 
now to give a full account of the evidence upon which our various conclusions, some 
of which were announced in these preliminary reports, are based, along with a discussion 
of our results and those of other workers, both from the purely scientific and also from 
the Fisheries and the Sanitary points of view. 

One member of our British Association Committee, Dr. Charles Kohn, Lecturer 
in Chemistry at University College, Liverpool, has given us considerable help from time 
to time in discussing with us the chemical aspects of the work, and in making analyses 
of different kinds of Oysters. We have also had the advantage of advice from our 


"Proca Re Si, vol. XII;, No. 370, p. 30. 
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colleague Professor Sherrington, also a member of the Committee. Our friend Dr. P. 
P. C. Hoek, Scientific Fisheries Adviser to the Dutch Government, visited our labor- 
atories in February, 1897, for the purpose of seeing our work and its bearings upon 
Dutch Oyster culture. He went through all our results with us, and took part in an 
examination at that time of various kinds of green oysters. We have recently (June, 
1898) had the opportunity of discussing fully the histo-chemical reactions with Professor 
Macallum, of Toronto, whose opinion on some points will be referred to further on. 

We desire to acknowledge, finally, the help we have received, in what has been 
a very laborious investigation, because of the large numbers of animals dealt with and 
the very different lines of work involved, from the Assistants in our laboratories. We 
would thank especially Mr. Andrew Scott and Mr. James Johnstone, “ Fisheries ” 
Assistants in the Zoological Laboratory ; and Dr. Dutton, Dr. Christophers, and Dr. 
Abram, in the Pathological Department. Some of the figures in our plates have been 
drawn, under our direction, by Mr. Johnstone, and others by Mr. Fisher of the Patho- 
logical Department. The rest are our own. 


LIVERPOOL, 


December, 1898. 


C3) 


IS HISTORICAL, SUMMARY. 


A considerable part of our work has dealt with “ greenness” in oysters of different 
kinds—a subject on which many contradictory statements have been made, and which has 
a curiously involved history. 

In 1866, Mr. A. W. E. O’Shaughnessy* gave an excellent account of our knowledge 


” 


of the “greening” of oysters up to that date. He showed how M. Benjamin Gaillon, in 
1820,¢ observed the blue diatom Mavéicula fustformts, variety ostrearta—which he then 
called Vibrio ostrearius—in the “Claires” of the Oyster Merchants at Marennes, &c., in 
France, and attributed to it the dark bluish green tint of the gills, palps, intestine, and 
liver of the cultivated oyster. He also discussed the observations of Valenciennes, 
Dumas, Bizio, Buckland, and others; and cited some historical cases of poisoning 
supposed to be due to the presence of copper in large quantities in green oysters. As 
these earlier observations are discussed also by Professor Ray Lankester in his important 
paper in 1885,{ they need not be further alluded to here. But we must add _ to 
Lankester’s record by referring to Puységur,§ who, in 1880, gave an account of certain 
experiments, in which he stated that he had succeeded in turning oysters green in some 
few hours by feeding them upon the diatom Mavzcula ostrearza. It has also been shown 
experimentally by Bornet, Decaisne, and others, that white oysters can be greened 
rapidly by keeping them in clean soup plates and feeding them with water containing 
the Mavicula. These interesting experiments were carried out at Le Croisic, in Brittany, 
and were afterwards repeated in Paris, and the result seems entirely opposed to the old 
suggestion, due originally to Coste,|| in 1861, that iron salts in the soil at the bottom 
of the “Claire” are the cause of the greening, which suggestion was alluded to again 
more than twenty years ago by Bouchon-Brandely,{/ and has quite recently been revived 
by Carazzi** at Spezia. Moreover, Bornet and Ad. Chatin have shown that in the parks 
at Sable d’Olonne the greening may be suddenly manifested where the oysters had 
previously remained white, under circumstances where the microscopic fauna and flora 
of the water may well have changed, but where the floor of the park has undoubtedly 
remained the same. Finally, Mr. E. Newman, manager of the Colne River Oyster 
Beds, has shown us that when the Alge (common Cyanophycee) in his ponds get 
into a certain condition, he can convert the ordinary colourless Colchester “ native” into 
a green-gilled oyster in 24 hours. 


ourn, de Physique, tome XCI., p. 222. 


* Ann. and Mag. Nat. Hist., vol. XVIII., p. 221 tJ 
§ Revue Maritime et Coloniale, 1880. 


~ Quart, Journ. Microsc. Sci., vol. XXVIL, p. 71. 

|| Voyage d’Exploration sur le littoral de la France, &c. 
{| Rapport au Ministre de la Marine relatif 4 l’Ostréiculture, &c., Paris, 1876. 
** Mitth, Zool. Stat. Neapel. 1896, p. 381. 
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Ryder in America was also, in 1880, investigating the greening of oysters, with 
much the same results as those of Puységur. He went a step further, however, and showed 
that the colouring matter was taken up by the amceboid blood-cells, and that these 
wandering cells containing the pigment were to be found in the heart, in some of the blood 
vessels, and in aggregations in “cysts” under the surface epithelium of the body.* He 
describes the colour (in the ventricle) as a “delicate pea-green,” and states that it is not 
chlorophyll or diatomine: he suggests that it may be phycocyanine or some allied sub- 
stance. This is undoubtedly the same green in the leucocytes and the heart which we now 
find to contain a salt of copper. 

In 1885, Ray Lankestert gave a useful summary of some of the earlier papers, and 
discussed the main questions concerned. Moreover, he investigated the gills of the green 
oyster histologically, and described and figured for the first time cells laden with green 
granules which occur in the epithelium of the gills and labial palps. He showed that such 
cells are also present in the common oyster, where, however, they are not green, and that 
these or similar cells may be found also wandering over the surface of the gills. He 
considered these as “secretion” cells, but those on the surface are clearly the same structures 
which Ryder a few years before had found in the blood, and are therefore leucocytes. 
Lankester found the Mavicu/a in the intestine of the green oyster; and he reasserted 
that there was no copper and no iron in the diatom’s refractory blue pigment—which 
he described under the name “ Marennin,” and identified with the pigment of the large 
green “secretion cells” of gills and labial palps. 

This explanation of the “greening” has since been confirmed by Joannes Chatin,t 
who has also described more fully the histology of the large green granular cells of 
the gills, which he called “ macroblasts.” He showed that in brown oysters these same 
cells contain brown granules. 

Lankester’s amceboid cells, laden with green granules and moving over the surface of 
the gill, are almost certainly leucocytes or amcebocytes which have wandered out from the 
body through the surface epithelium : such diapedeses are probably of frequent occurrence 
in the Mollusca. Pelseneer§ (1892) and De Bruynel] (1895), in recent papers, consider 
that these cells act as phagocytes—which is quite probable—and we understand that 
Lankester§} would now accept this view himself. Dr. D. Carazzi of Spezia, however, 
who has recently (1896 and 1897) written several rather controversial papers on the 
subject, will have none of this, and states that the diapedesis is entirely a pathological 
phenomenon. He attributes the green colour to the cylindrical epithelium solely, and 


not to the “secretion cells,” or “macroblasts,” and regards the Marennin as a nutrient 


* Ryder’s papers are found scattered through the U.S, Fish Commission publications from 1882 onwards, 

+ Quart. Journ. Micros. Sci., vol. XXVI., p. 71. 

~ Comptes-rendus, CXVI., p. 264 (1893); and CXX., p. 884 (1895). 

§ Bull. Soc. Malacol. Belg., t. XXVIL, p. Ixii. | Arch. de Biologie, t. XIV., p. 161. 

‘| See Nature for 9th May, 1895, p. 28. Joannes Chatin, in a more recent note (Comptes-rendus, Feb. 24, 1896) 
adopts a modified view that the phagocytes are connective-tissue corpuscles distinct both from the blood-cells (leucocytes) 
and the fixed macroblasts. 
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material on its way inwards from the surface to the liver. However, as Carazzi con- 
tradicts* almost everything both morphological and physiological that has been stated 
by previous workers on the oyster—Lankester, J. Chatin, Pelseneer, De Bruyne, Ryder, 
and ourselves alike—it is a little difficult to meet him seriously and to find patience to 
deal in detail with all his remarkable statements. Some of the points he raises, how- 
ever, and of his so-called errors in the work of others, will be discussed further on in 
this paper. , 

There are many other papers upon both the structure and the physiology of the 
oyster—and especially the green Marennes oyster—which we have not referred to above. 
A very complete bibliography of the subject was published by the United States Fish 
Commission in 1892, and so we have only considered it necessary to discuss the papers 
which we have found useful, or which for any reason seemed to require our attention. 
Previous work on the Bacteriology of Oysters, and the supposed connection with disease 
in Man, we shall discuss in the latter part of this paper. 


* Mitth. Zool. Stat. Neapel. Bd. XII.; Internat. Monatsschrift fur Anat. u. Physiol. Bd. XIV., &c. 
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III.—MATERIAL AND METHODS. 


We have used three distinct species of oyster, and many local variaties, or races, 
from various parts of the European and American coasts. The species are the 
following :— ; 

1. Ostrea edulis, Linn., the common edible oyster of North-west Europe, the species 
to which our “ Natives,” “ Deep-sea oysters,” “Rock oysters,” “ Pandores,” and 
many other kinds from our own and neighbouring coasts belong. We have 
had samples of these from Colchester, Pyefleet, Mersea, Roach River, Leigh, 
Plymouth, Falmouth, Jersey, Wales, Isle of Man, Lancashire, the Scheldt, 
Nieuport, Spezia, and the West Coast of France. 

2. Ostrea virginica, Gm., the American oyster: very commonly “laid,” “bedded,” 
or stored on various parts of our coast. We have had samples of “ East Rivers,” 
“ Sounds,” and “Blue Points,” direct from America to Liverpool; and of those 
that have been bedded in this country for longer or shorter periods, from Dublin, 
Carlingford, Fleetwood, Brightlingsea, Leigh, Falmouth, and the Menai Straits. 

3. Ostrea (Gryphea) angulata, Lamk., the Portuguese oyster of Southern and 
Western Europe. We have had samples of this from Arcachon in the South- 
west of France, and from Falmouth, Leigh, and the estuary of the Colne.* 


All the oysters have been examined in the first place alive, and their characters 
noted: coloured sketches have been made of many. In some cases the gills and other 
parts have been examined fresh, in teased and pressure preparations ; but in all cases 
pieces have also been fixed, preserved, and sectioned. We have employed a variety of 
methods. Some gills and pieces of liver and intestine have been frozen in gum and cut 
at once with the freezing microtome, in order to have sections of the fresh tissue unstained 
for comparison with the sections which have undergone treatment with re-agents. 

We have obtained the best results from our sections of mantle lobes, gills and 
viscera which had been fixed in corrosive sublimate and acetic acid, washed with 
alcohol, and then put through increasing strengths of alcohol, and finally iodine dissolved 
in 90 per cent. alcohol, cleared in either turpentine or xylol, imbedded in paraffine, cut 
with the Cambridge Rocking microtome, stained in eosine and hzmatoxylon, and 
mounted in balsam. Some of our preparations were fixed in 5 per cent. solution of 
formol in place of corrosive and acetic. The washing with iodine and alcohol was 
sometimes deferred until the sections were on the slide, previous to staining. 

The Histo-Chemical and Bacteriological methods will be stated below in Sections 
IX. and XIV. respectively. 


* We are much indebted to several gentlemen for kindly taking trouble to supply us with the special kinds 
of Oysters we desired. We would especially thank Charles Petrie, Esq., C.C., and Geo. T. G. Musson, Esq., of 
Liverpool ; Rupert Vallentin, Esq., of Falmouth; Dr. P, P. C. Hoek, of Helder; Dr. J. G. de Man, of Ierseke, 
and Dr. J. M. Bottemanne, of Bergen-op-Zoom, in Holland; and also Dr. Murie, and Mr. James Hornell of Jersey. 
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IV.—THE STRUCTURE OF THE BRANCHI~A, 
(See Plate 1.) 


Figures 2 to 5 on Plate I. show the normal structure ot the gill in a healthy 
oyster, whether white or green. The oyster has the four great flattened branchial folds 
(Pl. I, Fig. 1, 7), an external and an internal on each side, characteristic of Lamelli- 
branch Molluscs. On account, however, of the absence of the foot, the two internal 
branchia come into close proximity in the middle line along their whole length, and so 
all four gills lie closely superposed along the ventral and posterior edges of the body : 
they encircle about two-thirds of the circumference. The branchie occupy about one- 
third of the superficial area exposed on removal of a shell, and make up from one-third 
to one-sixth of the total bulk of the body. Physiologically they are one of the most 
important and constantly active organs of the body, as respiration is certainly not their 
sole, probably not their chief, function. They cause, by their ciliated epithelium, that 
powerful and all important current of water which carries food as well as oxygen into 
the body and removes all waste products. 

The gill filaments constituting the gills hang side by side; but even those of 
one gill lamella, or surface, are not all in the same vertical plane, as the row of 
filaments is plicated to form alternate crests and troughs (Pl. I., Fig. 2). The crests 
or projections form ridges visible to the eye, of which there are about one hundred 
or rather more on the surface of a gill; and as each such crest has at least 10 (some- 
times 15) gill filaments, there must be over 1,000 filaments on each surface of each 
gill, or, say, 8,000 to 10,000 in all. The transverse sections shown in Figures 2 and 3 
show clearly the arrangement of the filaments in projecting crests on both surfaces of 
each gill. Concrescence (or inter-filamentar junctions) takes place to various degrees 
between neighbouring filaments, and consequently the blood channels form a network 
of varying arrangement in different parts, and the water passages are in many places 
partially occluded. In Figure 3, @ indicates a spot where the filaments retain their 
primitive independence ; while 0 shows complete concrescence between the 12 filaments 
of one crest. This Figure and the other transverse sections show also the arrangement 
of the skeletal elements in the connective tissue of the filaments. Each filament has 
two longitudinally running skeletal bars, formed of condensed fibrillated connective 
tissue, roughly fusiform in section, and lying just under the epithelium on the external 
face of the filament (Figs. 4 and 5). At the bottom of each trough we find a single 
enlarged filament, with a modified pair of skeletal bars of much greater size, and of 
triangular form in cross-section. These pairs of larger bars in each trough are con- 


spicuous objects in low-power views (see Figs, 2, 3). 
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Each gill filament has the branchial epithelium (ectoderm) on its outer surface, 
and the blood channel, lined by a thin layer of connective tissue, in its interior (Fig. 4). 
The skeletal bars lie between the epithelium and the connective tissue; the blood space 
contains here and there leucocytes, rounded or stellate, for the most part colourless, blood 
cells. There are then the following four tissues :— 

1. The branchial epithelium. 

2. The skeletal bars. 

3. The connective tissue. 


4. The blood cells; and also certain eosinophilous cells. 


The Epithelium.—This varies in appearance in different parts, and requires further 
description. It has been figured and described most satisfactorily in the past by 
Janssens* and by De Bruynet, and we also show it in Figs. 4, 5, and 1o, on PI. I. 
A tract of the epithelium on each side of each filament bears especially long cilia, and 
these tracts are separated by a narrow non-ciliated zone from the front or free edge 
of the filament, which is covered by a uniform band of short cilia (Fig. 5). The 
depression between adjacent filaments, where they join, is never ciliated. The nuclei of 
all these epithelial cells are large and ellipsoidal (Fig. 10). The cells on the prominent 
free edge of the filament are of tall, columnar form; at the base and on the interfilamentar 
junctions they are cubical, squamous epithelium. Amongst these epithelial cells we find 
the large rounded granular cells, which were described by Lankester as secretion cells, 
by J. Chatin as “macroblasts,” and by others as “ Beckerzellen.” They are clear and 
refracting in the white oyster, but distinctly green-coloured in the green oyster. They 
give a marked eosinophilous reaction (Fig. 5), and will be referred to again below in 
that connection. 

The Skeletal Bars lie two in each gill filament, inside the epithelium and near 
the centre, in a section (see Fig. 5, etc.). They diverge outwards towards the outer 
edge of the filament, and either join or come into close proximity in the middle line 
of the free edge. They occasionally come in contact at their inner ends also (see Fig. 5). 
In the trough between two of the series of projections formed of filaments, the larger 
modified gill filament. (the “segment primaire” of Janssens) has a pair of especially 
thickened skeletal bars of wedge-like shape, in section, and set at a wide angle to one 
another (Figs. 2 and 3). It is only these larger gill filaments, and usually only the 
alternate ones of these, that are continued into inter-lamellar junctions (Fig. 3). 

The Connective Tissue forms a thin layer, in which the skeletal bars lie, inside 
the epithelium, and bounding the blood-channels in the branchial filaments and their 
junctions. It is a membrane nearly homogeneous or slightly fibrillated, with occasional 
fusiform or stellate connective-tissue cells, the nuclei of which are seen stained in the 


* Les Branchies des Acephales. La Cellule, t. IX. fase. 1, p. 19 (1893). See also Kellogg, U.S. Fish Commission 
Bulletin, vol. X. (1892). 


+ Arch. de Biologie, t. XIV, (1895). 
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sections. Here and there is found a large granular wandering cell, markedly eosino- 
philous, and precisely similar in character to those seen in the connective tissue of the 
mantle and those scattered through the epidermis of both mantle and branchie. These 
are to be regarded as granular leucocytes on their way to the exterior. They are shown 
in Figs. 9 and 13. 

The Blood Cells are normally colourless leucocytes, measuring on the average 
10 @ in diameter (Fig. 11). . Some, however, are granular, and the granules may be 
yellow, brown, black, or grecn in colour. In diseased oysters, showing the green 
leucocytosis described below, the number of opaque granular leucocytes seems to become 
largely increased, and they are of a pale chalky-green colour. With osmic acid a black 
reaction is occasionally given by the granular leucocytes. In blood film preparations 
we have repeatedly tried to obtain evidence of an eosinophilous reaction in the normal 
leucocytes, but without success. On the other hand, the larger wandering cells in the 
tissues, or amcebocytes, are markedly eosinophilous. 

Eosinophilous Cells.—Although we have not observed eosinophilous leucocytes 
in the blood-vessels, there are numerous cells in the tissues which give an eosinophilous 
reaction. Large ovoid cells are met with, scattered with some regularity along the free 
edge of the gill filaments (Pl. V., Fig. 3), and these, from the frequency of their 
occurrence, seem to be fixed elements of the epithelium (“ Beckerzellen”). Cor- 
responding cells in the mantle (Pl. V., Fig. 2) and intestinal epithelium have usually 
a pyriform appearance, and sometimes appear to be discharging their granular contents 
on the free surface. In the green American oysters described below, we have some- 
times observed that these cells give a well-marked reaction with pure dilute hama- 
toxylin (Pl. V., Fig. 8). There are also certain eosinophilous wandering cells which 
are found beneath the epithelium of the intestine, mantle, and branchiz, and which, in 
some cases, are seen making their way through the epithelium to the exterior (Pl. V., 
Figs. 4 and 5); while other wandering cells—the green leucocytes of the American 
oyster—are never, in our experience, eosinophilous. The eosinophilous reaction, in fact, 
indicates merely a condition in which various epithelial and wandering cells may be 


found. 
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V.—THE PROTRACTOR PEDIS MUSCLE. 
(See Plate IT.) 


In opening large numbers of American oysters, usually a hundred at a time, we 
noticed the constant presence of a more or less distinct spot (Pl. II., Fig. 2, sp.) on the 
mantle, near the anterior end of the visceral mass, and of a slight depression or mark 
on the shell over the spot (Pl. II, Fig. 1, sf.). The spot is circular, and about 2 mm. 
in diameter ; it is rather lighter and less opaque than the surrounding mantle, and its 
edges may be coloured with a deposit of dark brown or black pigment granules (see 
Pl. Il, Fig. 3). At first we were inclined to think this the opening of a gland, or 
an aggregation of minute glands, as a watery fluid continued for some time after 
opening the oyster to ooze from the spot, and collect in a drop, which re-formed on 
removal. Dissection and the examination of sections showed, however, that we had to 
do with a band of muscular tissue, and that the “spot” was the insertion of the 
muscle, and the mark on the shell the scar produced by that insertion. This insertion 
mark has exactly the appearance and structure of the adductor impression. (Compare 
Figs. 4 and 5 with 6 and 7, on PI. II.). 

This muscle has been noticed before. J. A. Ryder,* in 1884 and 1893, writing 
of the mark on the shell, says: “It gives attachment to a feeble muscular bundle which 
springs out of the mantle on either side of the visceral mass, and when the animal is 
torn loose a slight whitish scar on the soft part marks its position on the surface of 
the mantle. I have been informed that Mr. W. H. Dall, who has investigated the 
matter, has identified this muscle with the pedal muscle of some other acephalous 
molluscs.” R, T. Jackson, in his Phylogeny of Pelecypoda,? figures what is clearly our 
spot as a pedal muscle; but it is not mentioned by Kellogg in his work on the 
Morphology of Lamellibranchiate Mollusks.{ 

Huxley showed, in 1883, that the first formed adductor muscle of the oyster, 
seen in the free-swimming larval stages, cannot from its position be the adductor 
present in the adult. The larval muscle, which is clearly an “anterior adductor” 
muscle, lies antero-dorsally in the body, and would require to traverse the alimentary 
canal to attain to the position of the adult muscle. Huxley predicted that a new 
second adductor muscle would be found to develop in the young oyster, and he argued, 
therefore, that oysters must be derived from dimyarian ancestors, and that their single 
large muscle is the persistent posterior adductor muscle, the anterior one being lost in 
early life. Jackson’s discovery of a transitory dimyarian stage in the very young 
American oyster (Ostrea virginica, Gm.) proves the truth of Huxley’s view. 


* Contributions to the Life-History of the Oyster, 1893, p. 719. 
+ Memoirs Boston Soc. Nat. Hist., vol. 1V., No. VIII., 18go. 
¢ Bulletin U.S. Fish Commission, vol. X. (1892). 
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The idea that the small muscle passing inwards from the “spot ”—which in position 
is a good deal anterior to the functional adductor—might be the reduced remains of the 
larval anterior adductor, is at once negatived by the observation that the fibres do not pass 
through the body from side to side, as adductor fibres must ; but that we have to do with 
two distinct muscles, one on each side of the body. This, then, suggests the muscles for 
moving the “ foot,” and although there is no foot in the adult oyster, there can-be no doubt 
that Ryder and Jackson were right in referring to this as a “ pedal” muscle. 

The muscles which may be present in other Lamellibranchs in relation to the foot 
are a protractor and an anterior and a posterior retractor on each side. The posterior 
retractor is out of the question. The protractor and the anterior retractor are usually 
inserted into the shell a little posterior to the anterior adductor muscle, and the protractor 
is the more ventrally placed of the two. The hinge line of the oyster is anterior, and if we 
may judge from Horst’s figure of the larval oyster at the stage when the foot, as a ciliated 
ventral projection between the mouth and the anus, is in its most fully developed state, a 
protractor muscle would run posteriorly from in front of the mouth or cesophagus ; while a 
retractor would, from what we know of it in other molluscs, probably be placed more 
dorsally, so as to cross the stomach. Our muscle runs antero-posteriorly, and is towards 
the ventral part of the visceral mass, close to the insertion of the labial palps. Such 
indications as we have, then, point to the “spot” being the place of insertion of the modified 
remains of the protractor pedis muscle. 

The foot is however lost in the oyster at a very early period—while the larva is still 
free-swimming ; and if the protractor muscle is present in the adult in this relatively large 
condition, it must be’because it has become adapted to a new purpose. We have traced 
the muscle fibres in the American oyster by means of serial sections from the insertion into 
the shell (Pl. II., Figs. 9 and 10) at the “spot,” posteriorly along the top or attached edge of 
the outer labial palp, to the anterior end of the branchial lamella. The fibres first run 
inwards, and then obliquely backwards (Fig. 11), and come into close relation with a large 
blood sinus (see Pl. II., Figs. 11, 12, 13, Zac), which lies in the mantle just over the attachment 
of the outer labial palp. The muscle then works its way round the sinus, so as to appear 
upon its ventral, and finally its inner face (Fig. 12). 1t thus comes to lie internal to some of 
the renal tubules, and close to the outermost ceca of the liver. Our muscle now crosses at 
right angles a bundle of muscle fibres running from the mantle downwards ventrally into 
the palp, and containing a large nerve, as is usual with the muscle bundles of the 
mantle. Finally, having reached the level of the posterior end of the palp, our muscle 
turns ventrally, and begins to spread out (Fig. 13) in the sub-epithelial tract of mesodermal 
tissue which lies between the top of the mantle lobe and the attachment of the gill lamellz, 
and which is morphologically a part of the stem of the ctenidium. Most of the fibres end 
in the connective tissue, immediately under the epidermis, between the descending (internal) 
and the ascending (external) lamella of the outer gill. The whole course of the muscle is 
about 6 mm. long in a moderately large oyster; it is about 1°5 mm. in diameter 


5 
where inserted into the shell, and less than half that size when it reaches the branchiz. 
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As to the probable function of this muscle in the existing oyster, its action 
clearly must be to draw the labial palps and the anterior end of the branchize forwards 
and outwards. When this action is imitated by means of forceps on the fresh oyster, 
the result is seen to be that the funnel leading to the mouth is widened and opened, 
and the “catchment area” by which the mouth is supplied becomes increased. We 
give a diagram, in Fig. 14, showing the relations of the protractor muscles of the two 
sides to the mouth and neighbouring parts, and we add in dotted lines the probable 
course of the muscles before the foot disappeared in ancestral oysters. It seems to us 
that when the muscle was no longer needed as a protractor pedis, it may readily 
have come to serve its present useful purpose by the posterior half of the muscle 
aborting, while the anterior half remained and acquired an attachment to the connective 
tissue of the palp and the gill through which it must have formerly passed, and where 
it is quite likely some of the fibres always ended. 

Our figure (PI. II., Fig. 14), which, although drawn as a diagram, is true in its 
proportions, and was sketched directly from the living animal, shows clearly the con- 
figuration of the labial palps when the two protractor muscles are slightly drawn upon. 
The inner or posterior palps curl together in the middle line behind the mouth, while 
the outer or anterior palps diverge widely. The anterior ends of both gills on each side 
are received between the outer and inner palps of that side; so that the only avenue 
to the mouth, the passage on each side between the two palps, becomes much widened 
at its posterior end, more funnel-shaped, and evidently better adapted for collecting 
the food particles from the anterior ends of the gills, and passing them forward to 
the mouth. 

The action of the oyster in opening its shell (ze, divaricating the valves), 
preparatory to feeding, separates the points of attachment of the two muscles, and so 
of itself, even without any muscular contraction, causes the opening up of the food 
avenues described above: the contraction of the muscles which doubtless takes place 
will emphasize the same action.* 


*The technical term “fishing” used by oyster-growers and others connected with the trade, to indicate the 
act of feeding in an oyster, is therefore so far a correct description, inasmuch as the action is comparable with the 
spreading of a net. 
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Vi LIVE. 
(See Plate [/1.) 


The large gastric gland commonly called “liver” in Mollusca is of course well 
known to be neither homologous nor strictly analogous with the liver of vertebrates. As 
the sole digestive gland acting upon all constituents of the food, it is more nearly analogous 
with the pancreas of higher animals, and has sometimes been called a hepato-pancreatic 
gland. We are, however, familiar in some of the higher invertebrates with glandular ceca 
of the mesenteron which act as stomach diverticula, and apparently receive, digest, and 
absorb a portion of the food. This may well be the case to some extent with the liver 
of the oyster. It may possibly have an absorbing as well as a secreting function to 
perform in connection with digestion, and it is highly probable that, in addition, it has 
important metabolic functions in connection with the elaboration and storing up of 
reserve materials, including pigments, from the food. 

The liver communicates with the stomach by means of a wide passage on each 
side (Pl. III, Figs. 4 and 5), which almost at once divides (Fig. 13) into several 
branches or hepatic ducts leading to the cecal lobules, which are lined by the hepatic 
cells, The ducts, as was pointed out by Ryder in 1884, are lined by ciliated epithelium 
resembling that of the stomach (compare Figs. 14, 15, 16, &c.), and so can always be 
easily distinguished in sections from the ceca, the walls of which are formed by the 
large irregular hepatic cells (Figs. 6, 7, 8, &c.). 

There is a considerable difference in the size of the liver and in the number of 
lobules or ceca in different oysters, and, moreover, the size of the ceca and of the 
hepatic cells seems to vary with the condition of nutrition of the animal, and also 
becomes reduced at the breeding time. One of the first points we noticed in con- 
nection with the green leucocytosis of certain American oysters, was, when examining 
the animals fresh, that they seemed to us to have the liver in a shrunken and degenerate 
condition. Carazzi objects to our use of this phrase, and seems to think that the liver 
is always in the same condition. Even a superficial examination of a large number 
of oysters, at different times and from different localities, is sufficient to show that he is 
mistaken, and that the “good conditioned” appearance of the oyster depends largely 
upon the state of the liver, as well as of the vesicular connective tissue around it, 
We now show by our figures the comparison between the healthy (Fig. 10) and the 
unhealthy (Fig. 11) liver, the latter showing the condition which we meant to indicate 


) 


by the terms “shrunken and degenerate” in our preliminary report. 
The colour also of the liver varies greatly, and may be dark brown (Figs. 1 
and 2), bright yellow brown (Fig. 3), or dull green. The liver cells stain readily with 


Ehrlich’s haematoxylin, and with osmic acid granules can be demonstrated in abundance 
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(Fig. 9).  Barfurth and Frenzel have shown the presence of three kinds of cells in the 
glandular epithelium of the molluscan liver, viz—‘“ Kornerzellen,’” “ Fermentzellen,’ and 
“Kalkzellen” ; but not all of these are present in all cases. Frenzel* states in regard 
to the common oyster :—“(a@) Die Kornerzellen haben einen Durchmesser von circa 32 
mikr. Die Korner sind gelb- bis rothlich-braun gefarbt, 3 bis 4 mikr. gross und kugelig. 
Die granula sind wenig zahlreich und punktformig. (6) Ferment- (Keulen-) Zellen 
nicht aufgefunden (Marz). (¢) Kalkzellen fehlen.” 

We find two kinds of glandular cells in the liver of our oysters—the ordinary 
large granular liver cells (Kornerzellen), and smaller, more deeply-staining cells, which 
we take to be Frenzel’s “ Fermentzellen.” The relative positions, sizes, and appearance 
of these cells is shown in Figs. 6, 7, 8, &c., on Pl. II]. We have in some cases (Fig. 12) 
observed the presence of small green pigment+} granules in the larger cells, but have 
not found any giving an iron reaction. Here and there, in the vesicular connective 
tissue between the ceca, may be seen (Fig. 10, ¢. ch/.) the aggregations of dark green 
granules described as “entero-chlorophyll” by MacMunn. Whether this pigment is a 
modification of the yellow hepatochrome described by Miss Newbigin in the liver and 
integument of Crustacea, and which apparently may vary from red to green in colour, 
or is a derivative of chlorophyll from vegetable food, as held by MacMunn, and this 
seems very probable, cannot be determined without further investigation both spectroscopic 
and chemical. In the meantime, enterochrome (see Newbigin, Quart. Journ. Mic. Sci., 
November, 1898) certainly seems the more appropriate name for this pigment, or set 


of pigments. 
* Mikrographie der Mitteldarmdriise (Leber) der Mollusken. Nova Acta Leop.-Carol. Akad., Bd. XLVIIL., 
No. 2, 1886. 

+ Ryder also described green pigment in the inner ends of the liver cells in 1893. 


VIIL—GREEN OYSTERS. 
(See Plate IV.) 


The discovery of a green tinge of more or less intensity, which made _ its 
appearance on the mantle and other parts of the body of some of the oysters in our 
experiments, started us on a series of investigations into the minute structure of the 
green parts, and the nature and causes of greenness in general in oysters. One of the 
first conclusions we arrived at was that there are several distinct kinds of greenness in 
oysters, the confusion between which in the past has led to differences of opinion and 
unfortunate controversies. The colouration has been attributed to the most varied 
causes by different investigators. It has been localised in mantle, gills, palps, heart, 
liver, intestine, or any two, three, or all of these parts. It has been stated at various 
times to be due to copper, iron, chlorophyll, entero-chlorophyll, “ bile-pigment,” phyco- 
cyanine, and to the pigment of certain diatoms, and all these statements have again 
been contradicted. Probably each of them was more or less correct of the particular 
oysters or organs examined by their authors. It is unfortunate that some writers have 
given rise to considerable confusion and misapprehension by not confining their con- 
clusions to the kind of oysters they investigated. 

The green of our experimental oysters we saw at once was a very different 
matter from the rich blue-green of the healthy Marennes oyster; certain green Falmouth 
oysters are probably different from both; the Roach River green oysters are merely a 
paler variety of the Marennes greenness; and, again, there is a sickly grey-green tint 
seen in some Dutch oysters when they get into poor condition which is not exactly 
the same as any of the above. 

Most of our work has been done on the pale green American oysters relaid on 
the Lancashire Coast; but we have also taken occasion to examine into the other 
varieties of greenness seen in the Marennes, the Roach River, the Falmouth, and the 
Dutch oysters. We have had Marennes and Dutch oysters sent to us direct from 
France and Holland, and one of us (W. A. H.) has visited all the chief oyster-culture 
stations on the French and Dutch Coasts. 

1. Green Oysters of Marennes (PI. IV., Tig. 1)—We agree with practically all 
previous investigators in regarding these oysters as being in a healthy condition— 
although green. Whether the green substance is derived from food taken in by the 
mouth, or from nutriment absorbed by the surface epithelium, there can be little doubt 
that it is a product of metabolism stored up in certain large granular cells met with 
in liver, intestine, and gills. It has been said to contain a small amount of iron, and 
is entirely different in its reactions from the copper-containing green pigment we have 


met with in some other oysters. With certain modifications, we accept Lankester’s 
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account of the greenness of the Marennes oysters as being correct. Carazzi, in his 
recent paper, makes a great point of the contents of Lankester’s “secretion cells” 
(“ Beckerzellen”) of the branchiz being always colourless, and he speaks of the error 
into which Lankester, Chatin, and others have fallen in considering these large globular 
cells to be sometimes loaded up with green granules. In this Carazzi is undoubtedly 
wrong. Although in ordinary colourless oysters the “secretion cells” are clear and 
colourless, in most green-gilled oysters (those of the Roach River in England, and some 
Dutch, as well as the Marennes) we find them to be distinctly green (PI. IV., Figs. 3, 
4); and we are able to support Lankester in his views as to the origin of the colour, 
which Carazzi has attempted to demolish. 

Carazzi says that an occasional green appearance in the secretion cells may be 
due to an optical illusion, the green of the neighbouring epithelium appearing by 
refraction to be in the large clear cell. We only mention this in order to state that 
we have provided against any such optical illusion. We have seen the green colour 
of the secretion cells quite distinctly, not only in surface views and in sections, but also 
in the isolated cells, in teased preparations of the living tissue. We have been able to 
show them in this condition to several of our colleagues, and all have agreed that the 
green colour, although of course faint in single cells, is quite distinct. Even when the 
neighbouring epithelium is slightly green, as it sometimes is, we are unable to admit 
that the large secretion cells do not contain green granules. We have not only isolated 
the cells, but in teased fresh preparations have isolated the large green granules; and 
after disorganizing these by pressure, have seen the green substance of the granules 
collecting again to form green globules. There can be no doubt from our preparations 
that the green colour is in the large granular cells. 

Our experience of the Marennes oysters is that the green colouration is disposed 
as follows :—All over both surfaces of the four gills; on the ribbed or grooved adjacent 
(adoral) surfaces of the four labial palps—that is, on the posterior faces of the anterior, 
and the anterior faces of the posterior palps (the other sides of the palps are very 
faintly coloured, if at all); occasionally the cesophagus to some extent (this is not at 
all constant); more frequently the rectum (but sometimes a brown rectum is found in 
a green-gilled oyster); the loop of intestine that coils around the stomach ; and, lastly, 
the liver, to some extent. 

When a piece of the gill in the living state is put under the microscope, the 
large green “macroblasts” are clearly visible. They are often arranged in longitudinal 
rows—parallel to the long axis of the filaments—packed closely together (PI. IV., 
Fig. 3); sometimes they are a little spaced out, about their own diameter apart; in 
some places there are two rows on each filament in place of one, while in others they 
seem scattered quite irregularly. These cells give an eosinophilous reaction. In a 
previous paragraph (page 9) we have discussed the various forms of eosinophilous 


cells, and have shown that the regular grouping of these cells tends to indicate that 


GREEN OYSTERS. 17 


they are epithelial cells (“Beckerzellen”); we also showed that certain other eosino- 
philous cells in the epithelium were clearly wandering leucocytes, and of the same 
nature as the wandering cells met with in the connective tissue. 

C. de Bruyne,* in his recent extensive work on Phagocytosis in Lamellibranchs, 
shows that in these molluscs there is a considerable exodus of leucocytes on the surface 
of all epithelia, both mucous and tegumentary. He considers that the diapedesis of 
leucocytes is always very important in. the branchial epithelium, and becomes increased 
in the presence of any irritation. Our experiments described further on (p. 20) show 
that this is certainly the case in the oyster. 

We regard the wandering cells with green granules, whether eosinophilous or not, 
which we find so plentifully in the epithelium of the gills and mantle (see Fig. 3), as 
leucocytes which are on their way to the surface, and as being of the same nature as 
the wandering cells we meet with in the connective tissue. 

2. Roach River Green Oysters.—Certain parts of the estuaries of the Roach and 
the Crouch, in Essex, have long been known to produce green oysters; but these are 
usually regarded with so much suspicion in this country that, although healthy and 
delicately flavoured, they have to be sent abroad to find a market. We give a figure 
(Pl. IV., Fig. 9) of one of these oysters, showing the rather pale blue-green colour of 
the gill. We find nothing abnormal or unhealthy in these oysters, and no unusual 
amount of copper or other metal in the green parts. The structure of the branchia 
and the cause of their colour are apparently the same as in the case of the Marennes 
oyster. 

On the Essex coast, just as in the case of the French “claires,” the Oyster- 
growers notice that immediately before the oysters become green, in autumn, a large 
amount of fine green weed or “moss” makes its appearance in the estuaries in question. 
We are indebted to Mr. E. Newman, manager of the Colne Oyster Company, for 
obtaining samples of this so-called “moss” for us to examine. We are now able to 
state that this green layer which appears as a coating on the mud (“London clay”), 
is a matted mass of minute Algz, almost wholly Cyanophycee, such as Mzcrocoleus 
chthonoplastes, Lyngbya majuscula, and L. semiplena. This is very similar, then, to the 
“verdure” of the French “claires” we have examined, except that in the latter several 
species of Cladophora were also abundant. (See Herdman “On Oyster Culture on the 
West Coast of France,” Trans. Biol. Soc. Liverpool, vol. VIII, p. 113). In both cases 
many Diatoms are present, and these, along with the blue-green Cyanophycee, must 
form an important part of the oyster’s food. 

3. Green Dutch Oysters.—A large number of Dutch oysters from Nieuport, in 
Belgium, were sent over to us in January and February, 1897, by Dr. J. L. C. Pompe 
van Meerdervoort, who complained of a diffused greenness which appeared in October 


* Contribution & l’Etude de la Phagocytose, Arch. de Biol. t. XIV., 1895 ; alsot. XV., p. 270, 1898. 
+From a batch kindly procured for us by Messrs. Cooke Bros., Oyster Merchants, West Mersea. 
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all over the bodies of his oysters, kept in artificial tanks, and which culminated in 
December in a more marked greening of the gills and labial palps, at the same time 
that the oysters became thin, watery, and transparent. 

Our friend Dr. P. P. C. Hoek, of Helder, who happened to be working in our 


laboratory soon afterwards, examined these green oysters with us; and he has since 


written to us about a diffused greenness (which we find to be the same as that from _ 


Nieuport) which has broken out among the oysters stored on the farms at Bergen-op- 
Zoom, on the East Scheldt. Dr. Bottemanne, Inspector of Fisheries at Zeeland, has 
kindly sent us specimens of these green oysters from the Scheldt, and we find them to 
be, like those sent from Nieuport by Dr. Pompe van Meerdervoort, very thin oysters, 
in poor condition, with emaciated livers. Fig. 6 on Pl. IV. shows one of the largest 
of these Dutch oysters, and illustrates the characteristic colour of gill; but in most 
cases associated with this green colour we find a much smaller body, a shrunken liver, 
and a transparent watery mantle. Evidently mal-nutrition is one cause of the diffused 
pale greenness of these Dutch oysters. The reason of the mal-nutrition in these localities 
must be studied by some one on the spot; but it very probably lies in the practice 
of keeping the oysters in artificial cement tanks, into which water is only occasionally 
admitted. Even although the sea-water contains the usual amount of food, still Diatoms 
and other minute forms of life cannot be so abundant on the cement of the tank as 
they are on the mud forming the bottoms of estuaries, “claires,” and _ pits. 

Figs. 7 and 8 show, under a high power, sections of the external surface of the 
mantle, where (Fig. 7) a certain amount of green pigmentation of the epithelial cells is 
seen, in addition to several large coarsely-granular eosinophilous cells. There are also 
(Fig. 8), in the connective tissue under the epithelium, groups of large green globules, 
which are evidently MacMunn’s “entero-chlorophyll.” Fig. 10, showing a transverse 
section of the intestine unstained, is of considerable interest, as it shows that the green 
colour of the alimentary tract of this variety is due to a pigment in the epithelial cells, 
Thus the green colouration of this oyster is not similar to that found in the American 
oysters. Nor do we consider that it is identical with the green of the Marennes oyster, 
as the pigment is here (as our figures show) more generally diffused through the 
epithelium, and not aggregated in “macroblasts.” The distribution and general appear- 
ance of these minute pigment granules recalls that of the green granules in the 
intestinal epithelium of Chetop/erus, as described and figured by Ray Lankester ;* but 
the two pigments are quite distinct in their nature. It is evident, from recent work by 
Professor Lankester, Miss Newbigin, and others, that entirely distinct animal pigments 
may seem histologically very much alike in position and appearance.t+ 

4. Falmouth Green Oysters. 
a case of poisoning at the Hague; was attributed to oysters unlawfully coloured with 


From time to time in the past, since 1713, when 


*Quart. Jour. Micros. Sci., vol. XL., p. 447. 
+ See Miss Newbigin’s recent Paper in Quart. Jour. Micros. Sci., Nov. 1898. 
+ See O’Shaughnessy—Ann. and Mag. Nat. Hist., vol. XVIIL., 1866. 
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copper to simulate the natural tint, green oysters from Falmouth and elsewhere in 
Cornwall have been suspected or accused of containing copper, derived from old mines 
or metalliferous strata in the sea. Quite recently Dr. Thorpe* has found on the average 
about 0.023 grains of copper oxide per oyster (in some cases much more) in specimens 
from Falmouth and Truro. On relaying, the green Cornish oyster gradually loses 
its colour, and is then found to contain only about 0.0062 grains of copper per oyster, 
which is practically the normal amount (0.4 milligramme) which we find in white “native” 
oysters from Whitstable. 

Dr. Thorpe+ says, “There is no question that the greenness of certain oysters, 
especially of those found in Falmouth and Truro waters, is due to copper. The colour, 
both in character and distribution is, however, quite different from that of the Marennes 
oyster.” We can corroborate this. It is in effect what we have been stating for the 
last three years in our preliminary reports—that there are several kinds of green oysters ; 


d 


the “ Huitre de Marennes ” is one of them, the copper-containing green oyster is another. 

In the Falmouth oyster, containing an excessive amount of copper, we find that 
much of the copper is certainly mechanically attached to the surface of the body, and 
is in a form insoluble in water—probably as a basic carbonate. In addition to this, 
however, the Falmouth oyster may contain a much larger amount of copper in its 
tissues than does the normal colourless oyster. In these Falmouth oysters the cause 
of the green colour appears to be the same as in the green American oysters. Some 
of them also show (see Pl. VI, Fig. 8) a green heart of exactly the same nature as 
that of the green American oysters (PI. VI., Figs. 3, 7, 8). 

5. Green American Oysters.—This is the oyster at which we have chiefly worked. 
It is brought to Liverpool in large quantities, and is laid down on various parts of the 
neighbouring coast to be fattened and to be stored till required for the market. For 
some years it has been noticed that certain of these re-laid Americans may become 
green in the Autumn, the greenness being entirely different from that of the Marennes 
and other oysters we have examined, and consisting in a large increase of the granular 
green leucocytes of the blood in the heart, and in the sinuses and the tissues of the 
mantle, and also on the surface of the mantle, but very rarely in the gills. The result 
of this leucocytosis is that a more or less vivid green colouration is produced, which 
may be almost anywhere on the surface of the body, although it is most frequently 
over the liver, and the visceral (anterior) part of the body (see Pl. VI., Figs. 3—7, and 9). 
It may occur in patches or streaks, or very usually it is confined to the heart and blood 
channels, which are then engorged with a pale chalky-green mass of the granular 
leucocytes; in some cases, owing to the universal injection of the vessels and smaller 
blood spaces, the entire oyster has a greenish tinge (Fig. 6). 

The oysters in which this massing of the green leucocytes occurs do not appear 


* Local Govt. Bd. Report on Oyster Culture in relation to Disease, p. 105. 
+ Nature for Dec. 3rd, 1896, p. 107 
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to us as healthy as those which are colourless. They are frequently thin, with the 
liver shrunken, but we were unable to find evidence of any parasite or other irritative 
cause of the disease, either by staining or by cultivation. On the other hand, it is 
evident from experiment that an irritation of the surface of the mantle will determine 
the presence of leucocytes at the point. We have shown this by trephining the shell, 
and by removing pieces of shell to form “windows,” which we closed by paraffined 
water-tight corks. We have also carefully removed one valve without causing any 
hemorrhage, and have kept the oysters, which were healthy yellow Americans, alive for 
more than a week. On the first day green leucocytes began to appear on the mantle. 
On the second day they were more abundant, especially on and around the adductor 
muscle and over the heart. This condition increased for about two days more, and then 
began to disappear. The leucocytes causing the green spots were granular and actively 
amceboid. 

At an early period of the investigation we were inclined to agree with some 
previous investigators that copper, though present in small quantity (on the average 
0.006 grains) in all oysters, had nothing to do with this green colour; but last year we 
definitely announced* that we had found copper in considerable quantity (up to four 
times the normal amount) in these green American oysters, and that the copper reaction 
coincided histologically with the green granular leucocytes, and that consequently the 
copper may fairly be regarded as the cause of the green colour. 

In the next section we give an account of our chemical analyses of the copper 
and the iron present in these and other oysters; and in the succeeding section on the 
micro-chemistry we show the evidence upon which we base our statement that the 
superabundant copper of these oysters is contained in the granular green leucocytes. 


* Proc. Roy. Soc., vol. LXII., p. 30 (1897). 
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VIII.—IRON AND COPPER IN OYSTERS. 


Dr. Charles A. Kohn has kindly made for us, from time to time, chemical 
analyses of oysters from various localities, and in different conditions of colouring ; in 
the following account we quote freely from his notes, and the reports* he has given us, 


and from our conversations with him on the results of the experiments. 


The early observations of Dumas (1841) and of Berthelot (1855), which showed 
that the green colour of French oysters (“ Huitres de Marennes ”) is not due to chloro- 
phyll, and not to copper, though possibly to iron, have been recently extended by A. 
Chatin and A. Muntz.t From their analytical results these observers conclude that 
both the green and the brown colourations of the various types of French oysters are 
due to the presence of iron, and that the depth of colour bears a close proportion to 
the quantity of iron contained. The colourations are chiefly apparent in the gills, but 
extend also to the labial palps and parts of the alimentary canal. Chatin and Muntz 
base their conclusions, in the first place, upon the fact that they find considerably more 
iron in the gills than in the rest of the body of green oysters, and secondly, upon the 
occurrence of a larger quantity of iron in the gills of green than of white oysters. 


The cause and origin of this colouration is a physiological problem of much 
interest, but the confirmation or refutation of Chatin and Muntz’ results also appeared 
of importance in connexion with the investigations on Oysters and Disease, and therefore 
the following experiments on the occurrences of copper as well as of iron in various 
kinds of oysters were undertaken. The point at issue is not so much the nature of 
the colouring matter, nor whether it does or does not contain a small quantity of iron, 
but simply whether the coloured parts of the green oysters contain proportionately 
such an excess of the metal that the colour can be attributed to its presence. This 
has not been found to be the case. The determination of the copper appeared to be 
of some interest, since poisonous effects have often been attributed to its presence, 
although earlier observers have shown that a small quantity is a normal constituent of 
the blood of the oyster. 


Electrolytic methods of analysis were adopted both for the determination of iron 
and copper; these methods Dr. Kohn has already shown (S7vzt. Assoc. Reports, 1893, 


p. 726) possess marked advantages for the estimation of minute quantities of metal, 


* See also the Brit. Assoc. Reports. + Compt. Rend. 1894, CXVIII., pp. 17 and 56, 
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especially if derived from organic matter, for they are quite free from any prejudicial 
influences traces of organic matter may exert, such as arise when volumetric or colori- 
metric methods are employed. In each determination the bodies or gills only of six 
or more oysters were carefully washed, dried between filter paper to remove as much 
adherent moisture as possible, and then carefully dried in porcelain dishes in the air- 
bath at 100° C. When this drying was as complete as possible, the oysters were 
heated in the air-bath until thoroughly carbonized, the carbon carefully burnt off over 
the free flame, and the residue finally ignited in a porcelain crucible. Special care was 
taken to exclude dust during both the drying and the ignition. The ash was then 
thoroughly extracted with a mixture of 25 c.c. hydrochloric acid and 25 cc. sulphuric 
acid (1:2) on the water-bath, and the resulting solution filtered and concentrated. 
The residue was free from both copper and iron. The acid solution obtained was 
electrolysed for copper with the usual precautions, a spiral of fine platinum wire, 
weighing about 5 erms., being employed as the cathode. The wire was determined in 
the residual solution, after neutralization with ammonium hydrate, &c., acidifying with 
a few drops of oxalic acid solution, and boiling with ammonium oxalate. Four grme. 
of the oxalate were added in each case, the precipitated calcium oxalate (which is quite 
free from iron) filtered off and thoroughly washed, -and the resulting solution electro- 
lysed, the metallic iron being also deposited on a spiral of platinum wire. A blank 
experiment with all the reagents employed was made, and the amount of metal found 
(0.0002 grm. iron) deducted in each case. Also the deposited metal, both iron and 
copper, was dissolved off the electrode by acid, the solution obtained tested by the 
ordinary reagents, and the spiral re-weighed as a check upon the determinations, since 


the quantities found were extremely small. 


I.—DETERMINATION OF THE IRON. 


The following table* gives the results obtained, the quantities of iron found in 
green French as compared with white American oysters, three sets of gills being 
analyzed in each case. The figures show conclusively that there is more and not less 
iron in the gills of the white American oysters than in the French, and this irrespective 
of the basis on which the result is calculated. The ash is undoubtedly the most reliable 
factor to calculate on, provided the oysters are carefully washed before drying, which is 
always done: the result per set of gills (or oyster) is most in accora with this, and has 


the advantage of being an easy and in many respects useful basis. 


* We are indebted for all the Tables in this section to the careful work of our colleague at Liverpool, Dr. 
C. A. Kohn, and we take this opportunity of thanking him most cordially for his kindness in helping us. 
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Huitres de Marennes. American, 

Gross body weight after drying between filter paper 3.8 grms, 6.5 grms, 
Weight, dried at 100° C, for 6 hours... 0.52 “: 1,02 5 
Weight of ash 0.0940 ,, 0.1140 ,, 
Weight of iron found 0.0003 ,, 0.0608 ._,, 
Ratio of Iron found— | 

(1) Calculated per set of gills ... | I to 27 

(2) 35 on gross body weight I to 1.56 

(3) . on weight at 100° C, | I to 1.36 

(4) 5 on ash I to 22, 


The relative quantities of iron present in the gills as compared with the rest of 
the body were next determined in French, Dutch, and American oysters, 


or the gills of six oysters, were analyzed in each case with the following results :— 


Weight of Iron found, in Mgrme. 


Six Oysters. a ——— 
French. Dutch. American. 
Gills ... 0.6 0.4 23 
Bodies minus gills ... Te?) 195 1.7 
Weight of ash of gills 0.1880 0.0217 0.0294 
‘ » Of bodies minus gills ... 0.5980 O.1125 0.1240 
°/, iron in ash—gills 0.32 1.85 7.82 
« 55 —bodies minus gills 0.20 TRG teh) 
Ratio of Iron in gills to Iron in rest of 
body— 
Calculated per oyster ... 00.0 0.0 wee ee) S575 1:0.74 
- on ash ... Ort Tee ae 5e7 2 


Finally, the total iron in a number of kinds of oysters was determined in order 


to ascertain the normal quantity present. 


a fairly constant proportion of iron per oyster, from 0.15 to 0.36 mgrme., or from 0.18 


to 0.65 per cent. on the ash. 


to 


ww 


Six oysters, 


These data, which are tabulated below, show 
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Tota! Iron present in Oysters. 


Kind cEOv Number Total Iron. Weight of Mgrme. Iron Percentage 
ee NoteTs Analyzed. Grme. Ash, per Oyster. Iron on Ash. 
| — 
Huitres de Marennes... ... 6 0.0018 0.7860 0.30 0.23 
| 
| Dutch! .s3 asa" vee aut Ses 6 0.0009 0.1393 0.15 0.65 
WAamericam: (ise cen see) fa 5 0.0018 0.2791 0.36 0.64 
| Golnes yen ssn ee note Io 0.0020 1.0938 0.20 0.18 
IBXeteyeys¥er) ees ey Gon cae |) 2 0.c064 1.5017 0.32 0.43 
| 
| Falmouth | 6 0.0016 0.4534 0.27 0.35 


In considering the variations in quantity, the very small amounts of metal present 
must be borne in mind, 

From these figures in the above tables it is evident that there is not an 
excessive quantity of iron in the gills of the green oysters—the proportion of iron in 
the gills as compared with the rest of the body is somewhat more (1 : 2) than that 
found in Dutch oysters (1 : 3.7), but much less than in American oysters, which are 
white (1.4: 1). The comparison is purposely made on the absolute quantity of metal 
in the gills and the rest of the body, as any other basis for calculation is fallacious. 

Chatin and Muntz reckon on the weight of the dried organic matter present, 
but it was not found possible to get anything approaching constant weights in this way. 
This may to some extent account for the difference in our results, but we should also 
like to point out that although the ratio of iron in the gills and the rest of the body in 
green and in brown oysters is from 1:1.8 (feebly green) up to I: 2.3 (very green), they 
also instance white oysters with a proportion of I : 1.6. 

It is certainly somewhat strange that they find more iron in the gills than in the 
rest of the body in all cases, which is not the case in our own experiments. But the 
quantities of metal present are so small that, since they do not state how many oysters 
were taken for analysis, and employ the permanganate method for the estimation of the 
iron, it is difficult to say what degree of absolute accuracy their results represent, and 
therefore to judge in how far their analytical data justify their conclusions. 

From two points of view the above results show that the greenness of the gills 
of French oysters is certainly not due to iron :— 

(1) Because the gills of the green oyster contain less iron than the rest of the body. 

(2) Because the proportion of iron in the gills as compared with the rest of the 

body in white (American) oysters is greater than in the green. 

That our method is reliable is shown by two determinations of the iron in the 
gills of American oysters, one giving 2.3 and the other 1.8 mgrme. of iron per six sets 
of gills. Variations in the size of the oysters will of course account for small differences, 


especially with the bodies. 
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It is evident from the last table that both the gills and the rest of the body of 
oysters contain normally (as would naturally be expected) a small quantity of iron, 
the gills having a somewhat larger amount in proportion to the total quantity of mineral 


matter present, but quite irrespective of the colour of the gills. 


I].—DETERMINATION OF THE COPPER. 


Harless and Bibra* first showed that phosphate of copper was present in the 
blood of Molluscs (Cephalopoda), and Iredericq subsequently extended the observation + 
and proved that a certain small amount of copper is found normally in the blood of 
various Shellfish (both Crustaceans and Molluscs). It is apparently in combination with 
a proteid, to which Fredericq gave the name “ hémocyanine.” 

The quantity thus present in oysters of different origin is fairly constant, as shown 
in the following table: it varies from 0.25 to 0.66 mgrme. per oyster, or from 0.30 to 


1.18 per cent. on the ash :— 


Copper Percent- 

Kind of Oyster. A oes cml Ge | cee | ae 

: Megrme. on Ash. 

Huitres de Marennes_... 6 0.0024 0.7860 0.40 0.30 
Dutch th “ae ies 6 0,001 5 Ons 0.25 1.08 
American = \ 7 ory 5 } oes 0.2791 0.66 1.18 
Colne River oe ae 10 [ 0.0036 1.0938 0.36 0:33 

| Deep Sea (very large)... 2 | 0,0069 | 1.5017 ae 0.46 


For copper, then, 0.4 mgrme. per oyster may be taken as an average, a quantity 
slightly greater than the average iron (0.26 mgrme.). The calculated percentages on the ash 
show greater variations, due to the very considerable differences in the total quantities 
of mineral salts present; and it is very possibly to this last factor that the well-known 
differences in taste of the various kinds of oysters is at any rate in part due. Certainly 
the minute quantities of copper and iron present cannot account for the flavour, as has 
been sometimes suggested. 

The copper was also determined in the gills, and in the bodies minus gills, of 


French, Dutch, and American oysters, with the following results :— 


French : 
Six Oysters, * Huitres de Marennes ” ieee ‘Ghee 
(green). peat: 
ie SS SS ee ee = = — a 
Gills only hie Gree tes. Cae Trace. 0.8 Tay 
Bodies minus gills... ... 0... 2.4 mgrme. 1.4 3.3 
| | | 
* Miiller’s Archiv, 1847. + Rech. s, 1. Physiologie du Poulpe, Arch, Zool. Exper., t. WII, (1878). 


Cc 


26 OYSTERS AND DISEASE. 


These results show that copper is present normally in both green and in white 
oysters in small quantity, but that the greenness of the gills of French oysters is certainly 
not due to this metal—in fact they contain only the merest trace. 

Experiments which we have made on the feeding of oysters with very dilute 
saline solutions of iron and of copper salts, entirely confirm these analytical data. 
Beyond a certain amount of post-mortem green staining, the oysters did not acquire 
any green colour. We give the details of these feeding experiments further on. 

There are, however, some green oysters (not the “ Huitres de Marennes”) which, 
as we have already stated, contain much more copper than those analyzed above. They 
are probably under abnormal conditions. Such cases are certain Falmouth oysters, and 
the American oysters with the green leucocytosis. 

Dr. Thorpe has shown that some green oysters picked out by Dr. Bulstrode at 
Falmouth and Truro contained as much as 0.02 grains per oyster on the average— 
some contained much more ; while we find that the green American oyster from Fleetwood, 
where the greenness is due to the leucocytes, has on the average 0.0229 grains of 
copper per oyster—between three and four times the normal amount. 

We have been able to obtain some of these green oysters from Falmouth for 
examination and analysis. Six Falmouth oysters (QO. edulzs), the bodies of two of which 
were of a distinct arsenic green colour, were dried at 100° C. and then digested with 
water, and subsequently with dilute hydrochloric acid. The extract. contained about 
half the total copper present, showing that the metal is partially, at any rate, 
mechanically retained in or on the body of the oyster,* probably as a basic carbonate. 

The analytical results were as follows :— 


Weight eens Merme. | Per cent. | Per cent. 
Six Oysters. Copper. Iron, of OPPe | Tron per | Copper Iron 
Ash. Pet Oyster. | on Ash. | on Ash. 
Oyster. | ” 
Extract with dilute acid 0.0097. | 0.0024 0.2272 1.62 | 0.40 4.22 1,06 
Oysters Ses + 0.0114 | 0.0016 0.4534 1590) |) 10:2 2.51 0.35 
| | 
= peeece | Ae ee a |e 22 = 
Total:... ee ae 0.0211 0.0040 0.6806 3552 al O!O7, 3.10 0.59 


The total copper present here is almost nine times the normal quantity, and 
about half of this is easily removed by dilute acid. It is quite likely that the remainder 
of the excess is partially or wholly simply entangled in the food passages of the oyster. 

The occurrence of copper in oysters, under such conditions, in some parts of 
Cornwall is due to the locality, and might quite possibly attain injurious proportions. 
The oysters analyzed were obtained from a creek which is locally supposed to bring 


*Dr. Thorpe, in a letter to Matere (1896, p. 107), referring to the large proportion of copper in these 
Falmouth oysters, speaks of it as “obviously caused by the mechanical retention of cupriferous particles,” 
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down copper from old mines, and the mud of which was found by Thorpe to contain 
0.148 per cent. of copper. Normal sea-water contains such an excessively small quantity 
of copper that it was not found possible by Dr. Kohn to detect its presence, even 
electrolytically, in a litre of sea-water, after concentration. 

Taking, finally, the green leucocytosis found in some American oysters, the six 
greenest and six whitest of 120 of these oysters, as re-laid on our coast, were chosen 
for analysis; also a quantity of the greenest portions of the greenest oysters was 
selected from another batch, and compared with the corresponding portions of the 
whitest oysters. The iron was not determined in the latter comparison, owing to the 
possible contamination by that metal in the cutting. 

The following were the results obtained :— 


Nene Merme. | Per cent. | Per cent. 
Oysters. Copper. Iron. Ash. Opper | Tron per | Copper Iron 
pet Oyster. | on Ash. | on Ash, 
Oyster. 
Green... va i 0.0158 | 0.0091 1.1450 | 2.63 1.52 1.38 0.79 
White... ses age 0.00.42 0.0036 1.0948 | 0.70 0.60 0.38 0.33 
Greenest parts aes) ||) 9 0!0033 — 0.0780 — — 4.23 
Whitest parts Bae 0.0099 -— 0.0452 - — r99 | = 
| 


The excessive quantity of copper in the selected green oysters is 3.75 times that 
in the white ones, calculated per oyster, and 3.63 times calculated on the ash. In the 
selected parts the total copper present calculated on the ash is high in both cases, and 
the green parts again show a marked excess in the proportion of 2.1 to 1. The copper 
and iron in the white specimens are about normal, but the increased quantity of iron 
in the green is marked, being 2.5 times that of the former. Still there is relatively a 
large excess of copper as compared with iron in the green oysters, as is evident from 
the analyses, the ratio being 1.1 : 1 for the white, and 1.8 : 1 for the green. 

It is to be concluded, therefore, that the green colour of these diseased American 
oysters is coincident with the distribution of the excessive quantity of copper present, 
and that the copper is in consequence to be regarded as the cause of the colour. The 
histo-chemical investigations given further on confirm this conclusion. 

Manganese was also found by Dr. Kohn to be present in several of the kinds 
of oysters analyzed. Its detection is readily effected in the electrolytic method of 
analysis, as it separates at the anode as peroxide. Colne oysters contain 0.14 mgrme. 
per oyster, a quantity rather smaller than the amount of iron present. 

We must now turn to Dr. D. Carazzi’s recent papers, in which he tries to show 
that the green colouration in oysters is in all cases a healthy condition, caused by the 
absorption of iron as a nutrient material from the surrounding medium by means of the 
surface epithelial cells, such as those of the branchiz and palps. A good deal that is 
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stated by Carazzi is quite correct, but these are points which were known before. 
The novel statements are, we believe, entirely erroneous, and are the results either of 
mistaken observations, or inferences from observations. 

He rightly states that the Marennes green oysters may retain their colour for 
weeks or even months when taken to other waters in which greening does not take 
place. It is true of our green Marennes oysters, kept for weeks practically without food 
in tanks in the laboratory. This fact is well known, and has been mentioned by various 
writers from Bouchon-Brandely, in 1871, onwards; but does it not tell strongly against 
Carazzi’s own view that the green substance is a nutrient material on its way from the 
surface epithelium to the liver? Is it at all likely that, if the green “ Marennin” is a 
nutrient material in process of metabolism, it will remain for months in the superficial 
tissue (which by Carazzi’s hypothesis has just absorbed it) after the source of supply 
has been removed? That is very improbable, even admitting Carazzi’s statement as to 
the distribution of the iron-containing Marennin in the superficial cells to be correct ; 
but we do not admit it. As we have shown above, we have abundant evidence that 
the green granules are constantly in the “macroblasts,” and comparatively rarely in the 
ciliated epithelium. In fact, in all essential points of structure—the details of which 
need not be gone over again—we agree with Lankester, Pelseneer, J. Chatin, and 
De Bruyne, and differ from Carazzi in his criticism of these former authors. 

Moreover, all the observations made by ourselves, and those recorded by others, 
on the West Coast of France are in accord with the view that the “greening” depends 
upon microscopic food-organisms in the sea-water. Bornet and Ad. Chatin showed, in 
1894, that the greening comes on suddenly in parks at Sables d’Olonne, where it was 
not present before. The greening, again, only takes place at a certain time of year, 
usually autumn, which agrees with the periodic distribution of minute organisms. 
Bouchon-Brandely says that at Marennes it is a common observation that the oysters 
only become green when the water in the “claires” (ponds) has become green with 
microscopic plants. It is known at La Tremblade that when a claire is in the greening 
condition it must not be emptied, as a change of the water might deprive it of its 
greening properties. Moreover, the greening must be due to the contents of the water, 
since in the Island of Cuhan (La Trinité River) Dr. Gressy has successfully reared 
green oysters in basins excavated in the solid rock. 

We must call attention to the way in which Carazzi has peremptorily denied * 
or misrepresented the results of some of the many investigators of molluscan anatomy 
and physiology with whom he does not agree. For example, he says of Ryder’s 
statement that the ventricular part of the heart may be green, “he is certainly mistaken,” 


&c. We are able, however, to state that Ryder was perfectly correct, and that it is 


“Tt is perhaps sufficient, as an example of Carazzi’s style, to state that after alluding to the work of Lankester, 
Pelseneer, and others, he makes the sweeping assertion :—‘‘ Tutto quel ch’ é stato detto finora sulle ostriche verdi 
é completamente sbagliato, ed é la conseguenza di osservazioni o infondate o malamente interpretate.” 
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Carazzi who is mistaken, as we have found exactly the condition that Ryder describes 
in American oysters (see Pl. VI., Fig. 7). 

In connection with this we may state that we have had the advantage of 
discussing very fully the iron and copper reactions, and Carazzi’s statements and 
criticisms, with Professor A. B. Macallum, of Toronto, recently in our laboratory. 
Macallum, who is the author of the haematoxylin method of demonstrating iron in 
tissue-cells, agrees with us entirely, and wishes to repudiate Carazzi’s remarks in regard 
to the iron reaction 

Finding that we considered it necessary to take notice of Carazzi’s papers, Dr. 
Macallum has asked us to insert the following note, which he had already written out 
for publication, as a statement of the method in which Carazzi has misinterpreted and 
misapplied his (Macallum’s) and Zaleski’s reactions :— 

“In his reference to the literature Carazzi has, in some cases, been particularly 
inexact. He attributes to Macallum a method of liberating the organic iron of 
cellular elements (treatment with Bunge’s fluid), in order to demonstrate it in the 
usual way, which that observer not only did not use, but also expressly describes 
as unsuitable for the purpose. Carazzi obtained negative results only with this 
method, the only one which he used, and yet he ventures on the basis of results 
so obtained to deny the correctness of Macallum’s observations. In regard to 
Zaleski, Carazzi is almost equally inaccurate. Zaleski states specially that if the 
isolated liver-cells are extracted with physiological salt solution, and the residue 
subjected to artificial digestion after thorough peptonization, nucleins remain in 
which the iron can be shown ‘nicht aber mehr durch die unmittelbare Anwendung 
der Eisenreagentien, but after complete incineration only. One nuclein compound, 
not obtained in this way, did indeed give an immediate reaction for iron; but 
Carazzi practically states that all the iron-holding nucleins isolated by Zaleski 
reacted immediately for iron, and then claims that this accounts for all the iron 
found in the nucleus by Macallum. An inexact knowledge of the literature on a 


subject is bad, but a criticism based on it is worse—it is mischievous.” 
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IX.—MICRO-CHEMISTRY OF THE GREEN OYSTERS. 
(See Plates VII, and VIII.) 


The following are the details of the histo-chemical investigation of the pigment 
of the green American oysters with the leucocytosis. The green pigment is insoluble 
in boiling alcohol, ether, chloroform, xylol, and other fat solvents; it is soluble in dilute 
acids and alkalies. The addition of potassic ferrocyanide to sections containing the green 
colouring matter, or to the leucocytes themselves, gives a red reaction, indicating the 
presence of copper ; but the reaction can be most readily obtained by the addition of a 
small quantity of § per cent. hydrochloric acid to the potassic ferrocyanide. Ammonium 
hydrogen sulphide gives also an immediate reaction with the green pigment. Ammonia 
strikes a beautiful blue wherever there is green in marked quantity. It was also found 
that pure hematoxylin is an extremely delicate test, giving an immediate blue reaction in 
exceedingly dilute solution. Previous treatment of the green colouring matter by 3 per 
cent. nitric acid in alcohol prevented these reactions, and subsequent treatment with 
acidulated potassic ferrocyanide resulted in a very faint Prussian blue colouration of the 
tissue generally (marking out especially the nuclear zone in any epithelium present). We 
concluded that there was no organic tron present in the leucocytes, that the leucocytes 
which form the green patches contain a considerable quantity of copper, and that, just as in 
the case of iron, as shown by Professor Macallum, pure hematoxylin is a most delicate 
test for copper, but that great care must be taken to ascertain by other reagents which 
of the two metals is present. 

Very numerous tests were made with the blood obtained from white oysters, and 
micro-chemical reactions revealed in some instances faint traces of copper. Hzeemocyanin 
has been described in the blood of various Molluscs, and apparently in the blood of the 
oyster. We have examined numerous samples of blood taken from the white oyster, but 
have failed to get any blue colouration on exposure to air. In the green oysters a very 
faint blue colour has been noticed in some cases on exposing the blood to air. 

To demonstrate the presence of copper in the green leucocytes collected in the 
vessels, the tissues may be examined fresh or after hardening. 

Fresh Blood.—By means of a fine pipette the green corpuscles are removed from 
the heart or other blood space they have collected in, and placed on a cover slip and 
allowed to dry. The dried film, which has a green tint, is then treated with the clear 
dilute hematoxylin solution, and at once assumes a deep violet colour. Similarly, with 
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potassic ferrocyanide, after previous immersion in very dilute acid, a distinct reddish 
colouration is obtained, visible to the naked eye. Fig. 3 on Pl. VII. shows part of such a 
preparation under the microscope. Colourless corpuscles obtained from oysters which are 
not green do not give these reactions. The best preparations of the copper-containing 
leucocytes are obtained by treating freshly-teased vessels, or sections of vessels, after 
imbedding in paraffin, with the various reagents (see Pl. VIL, Figs. 1, and 4—g9). The 
leucocytes in bulk then give well-marked reactions ; in many of the cells the reactions can 
be plainly seen, the granules in them assuming a reddish tint in the case of potassic 
ferrocyanide, or violet with hematoxylin. 

Vessels and Heart. 


VIL, Fig. 2, 6) may be removed from the oyster, treated first with dilute acid, and then 


In well-marked cases of leucocytosis the green heart (PI. 


with potassic ferrocyanide, when a brown colouration is readily obtained; the organ 
may then be dehydrated, passed through oil of cloves, and mounted in Canada balsam. 
Similarly the vessels may be stripped off from the mantle and treated as above—such 
specimens are seen in Figs. 1 and 4. The most instructive preparations are, however, 
obtained by first hardening the green oysters. Figs. 5—g on Pl. VIL, and Figs. 5 and 
6 on Pl. VIII, show a series of sections through the body of the oyster, and passing 
through one of the larger pallial sinuses close to the mantle edge, which in this case 
was engorged with green leucocytes. One section, Fig. 7, has been treated with potassic 
ferrocyanide ; Fig. 9 has been stained with the colourless solution of haematoxylin ; 
Fig. 8 has been treated with ammonium hydrogen sulphide ; and Fig. 6 is an untreated 
section which plainly shows the green colour. Similar reactions are demonstrated in 
our series of sections (which it seems unnecessary to reproduce, as they show the same 
colours as Figs. 6—g) passing through the auricles and ventricle ; the conjoined auricles, 
it will be observed, have normally a dark brown colouration, and do not give any 
change, the ventricle containing the leucocytes only reacting. 

Under high magnification (see Pl. VIII.) the best pictures* are yielded by the 
hematoxylin-treated sections. Wherever there are copper-containing leucocytes, these 
stain immediately with the reagent, and by their colour stand out in marked contrast 
with the surrounding colourless tissue. This is well illustrated in Pl. VIIL, Figs. 1 to 
4. In many of the sections we found that the large eosinophilous cells in the mantle 
of the green oysters gave a strong reaction with hematoxylin; this was the case in 
the oyster from which Pl. V., Fig. 8, was made. That eosinophilous cells should give 
such a reaction is remarkable, and is to be explained by the fact that in some cases 


these cells contain copper. 


* In these and the other figures illustrating the micro-chemical reactions, we have given the colour effects, 
distribution of granules, and shades, but have not represented the further histological details which these methods were 
not intended to demonstrate. 


— 
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X.—EXPERIMENTS IN FEEDING WITH METALLIC SALTS. 


With the object of trying to produce in the laboratory results similar to those 
observed in Nature, and with the view of testing the part which the absorption of 
metallic salts might play in colouring the oyster, and in possibly rendering it unfit for 
human food, we have made, during the last couple of years, a large number of experi- 
ments by keeping oysters in tanks in which definite quantities of various salts of iron 
and copper had been added to the sea-water.* 

In all cases we first of all ascertained that our oysters, both Americans and 
Natives, were healthy and colourless, so far as we could judge by observing them 
through the opening between the shells when in the expanded condition. We could 
make sure at any rate that the mantle and the gills were not green, and we always 
opened a few specimens of the same batch as a control. 

In the first place, we tried the effect of pieces of copper, copper filings, and 
copper dust lying in the bottom of the aquarium; and similarly, of steel filings, old 
rusty nails, and other fragments of iron. We also kept oysters for some time in an 
old copper vessel, and along with copper pyrites and other ores of copper. None of 
these gave any definite result. 

We then, with Dr. Kohn’s assistance, tried measured quantities and strengths of 
various metallic salts. On Feb. 5th, 1896, we added 0.2 per cent. of sulphate of copper 
to 10 litres of sea-water in which a few oysters were placed; while another set of 
oysters had the same quantity of ferric ammonium citrate added to their 10 litres of 
water. Irom these we got no definite results. The oysters lived better in the iron water 
than in the copper. The only staining was a deposition on the shell and in the mucus 
of the mantle edge, and some fos¢-mortent colouration in the case of those that died. 

On Feb. 27th we started three colourless American oysters in each of three 
aquaria containing insoluble salts, viz., sulphide of iron, ferric hydrate, and copper oxide, 
in each case 50 grains being added to one gallon of sea-water. By March 5th, those 
in the copper oxide fluid were evidently sickly, while the others seemed healthy. On 
March 12th, those in the copper oxide no longer reacted under stimulation, and were 
evidently just dead. On being opened, they had all the appearance of ordinary yellow 
oysters, the gills and palps were normal, and there was no trace of staining in any 


part. On March 21st, one from each of the other aquaria was opened. They were 


* Recently Carazzi has stated that oysters fed with similar dilute iron solutions acquire a pale yellowish 
colour in certain parts (branchial epithelium and the cesophageal mucous membrane), and that in these parts micro- 
scopic tests show the presence of granules of iron, The actual meaning of these results can hardly be recognised 
without comparative and quantitative data. 
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found to be alive and healthy, with the heart beating actively, and no green or brown 
staining in any part. The rest were opened on March 26th, and found to be in the 
same healthy condition. 

Dr. Kohn then made us up some soluble salts, and on May 27th two batches of 
oysters were put in tanks of sea-water containing a small amount of chloride of copper. 
On June 4th, three were found to be dead, and on examining these one had a slight 
greenish tinge over the viscera and a green spot in its heart, and the second had a 
good deal of green over the right side of its mantle, and many of its vessels were 
engorged with pale green leucocytes. The third specimen was not green, and in none 
of them was there any ereenness in the gills. Twenty of these same oysters, opened at 
the beginning of the experiment, showed only one slightly green specimen. On June 
5th, another specimen from the copper solution showed a greenish mantle, and the 
following day the remaining five oysters, when opened, were found to be all more or 


less tinged with green—as follows :— 


A, Green on mantle over viscera, and slightly on, mantle over gills. Heart very 
green and chalky. 

4, Green on mantle over gills, and heart slightly so. 

C. Green on mantle over gills, and heart very green. 

D. Very green on mantle over gills, and slightly over viscera. Heart pea-green. 


&. Slightly green on mantle over gills and over viscera. Heart pale chalky green. 


The gills themselves were scarcely affected in any case. In the case of the 
mantle, the staining was not on the surface, but in the leucocytes in the tissues and 
blood spaces. 

A second batch started on June 5th, in the same soluble copper salt, were opened 
on June 1ith and 12th, when it was found that all had their hearts more or less green, 
and the mantle over the viscera stained, and having blood-vessels engorged with green 
leucocytes. Most of them had the mantle over the gills stained of a greyish-blue 
colour. The gills themselves were not affected in any case. A control batch of four 
of the same oysters kept in ordinary sea-water showed, however, one heart very green 
and the other three slightly so. One had the vessels over the viscera engorged, and 
there was a little green staining in the mantle of all. 

It was evident, then, that these oysters were becoming green to some extent, 
quite apart from any action of the copper, but those in the copper solution were 
decidedly greener than the control oysters. On June 12th, some further experimental 
batches were started, (A) in ordinary sea-water, (B) in a solution of the same copper 
salt in which 10 c.c. was added to the gallon, and (C) another in which 1 c.c. was 
added per gallon. On June 18th, (4) showed four normal oysters, and one specimen 
a little green in the heart; (4) showed one specimen normal, and four all somewhat 
green; (C) showed three with no green, two with engorged vessels containing green 
leucocytes, and one of them with a green heart, 
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These are samples of a large number of similar experiments* made with different 
salts of copper and iron, soluble and insoluble, and of various degrees of strength, which 
give, on the whole, the following results :— 


I, In no case was any greening at all comparable with that of the Marennes 
oysters produced. 


2. The insoluble salts which lay as a deposit at the bottom of the aquarium 
seemed to produce little, if any, effect. 
3. The soluble salts of iron either produced no effect, or had a favourable effect, 


the oysters living rather better in these solutions than in ordinary sea-water. 
They gave rise to no greening. 

4. The very weak soluble copper-salts had little, if any, effect; while the 
stronger copper-salts had always an unfavourable effect upon the life of the 
oyster, causing death sooner or later; and in most cases producing more or 
less of that unhealthy green leucocytosis which we had found in various 
kinds of oysters bedded around our coast, and which Ryder evidently found 
amongst oysters on the American coast. 


* Since this was written we have carried out (October to December, 1898) a series of further experiments 
at the Lancashire Sea Fisheries Hatchery at Piel Island, in the Barrow Channel. The oysters were kept in 
tanks through which a constant current of fresh sea-water was running. To this current measured quantities of 
dilute copper and iron salts were added drop by drop, in such a way as to mix thoroughly with the sea-water 
before reaching the oysters. We have examined these oysters, and find that those that have been for from one to 
three weeks in the current containing the copper solution, show evidence of having more than the normal amount 
of copper in their bodies, but still there was no apparent greening. Those in the iron solution were unaffected. 

These experiments are being continued for us by Mr. Andrew Scott, Resident Assistant at the Piel 
Hatchery, and will be shortly extended to mussels and cockles, which, we find, are also liable to become green. 
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XI—ON THE CONNECTION BETWEEN OYSTERS AND 
INFECTION, 


From the earliest times more or less well grounded suspicion has been cast from 
time to time upon shellfish—chiefly Oysters and Mussels—as being the cause of out- 
breaks of disease amongst consumers, such as :—1st. Cases of sudden poisoning due to 
the presence of putrefactive products in the shellfish ; and 2nd. Diseases due to a specific 
micro-organism, where there is a period of incubation, and where therefore a consider- 
able interval has elapsed between the infection and the actual illness. In the latter case 
it is obviously much more difficult to determine with certainty the source from which the 
disease germ has entered the body ; and although many positive assertions have appeared 
of late years attributing outbreaks of enteric or typhoid fever to the consumption of 
oysters, still it must be pointed out that the connection between the two, although quite 
likely, has not yet been scientifically proved, and is only at present more or less of 
a possibility, or, at most, probability. 

During the past three years we have been making a number of observations and 
experiments, both in our Liverpool laboratories and at the Port Erin Biological Station, 
upon the conditions under which oysters live healthily, and upon the possibility, or even in 
some cases the probability, of their being the carriers of disease germs. During that period 
much public interest and apprehension has been raised by several recent outbreaks of 
typhoid popularly attributed to oysters, such as that of the Stirling Ball in October, 1895 ; 
that of the Wesleyan University in Connecticut, investigated by Professor H. W. Conn in 
1894; and that in the south of France attributed to Cette oysters, reported upon by 
Dr. Chantemesse in 1896. It was obvious from these, and from numerous other outbreaks 
of typhoid attributed to eating oysters, that the conditions under which the shellfish were 
liable to become contaminated with sewage, and so be the carriers of pathogenic 
organisms, required investigation. The following is a brief account of our experiments 


and observations. 


A. The objects we had in view in entering on the investigation were as follows :— 

1. To determine the conditions of life and health and growth of the oyster by 
keeping samples in sea-waters of different composition; eg, it is a matter of discussion 
amongst practical ostreiculturists as to what specific gravity or salinity of water, and what 
amount of lime, are best for the due proportionate growth of both shell and body. 

2. To determine the effect of feeding oysters on various substances—both natural 
food, such as diatoms, and artificial food, such as oatmeal. Here, again, there is a want of 


agreement at present as to the benefit or otherwise of feeding oysters in captivity. 
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3. To determine the effect of adding various impurities to the water in which the 
oysters are grown, and especially the effect of sewage in various quantities. It is known 
that oysters have been sometimes grown or laid down for fattening purposes in water 
which is more or less contaminated by sewage, but it is still an open question as to the 
resulting effect upon the oyster. 

4. To determine whether oysters not infected with a pathogenic organism, but 
grown under insanitary conditions, have a deleterious effect when used as food by other 
animals. 

5. To determine the effect upon the oyster of infection with typhoid, both 
naturally, ze, by feeding with sewage water containing typhoid infection, and artificially, 
z.€.. by feeding on cultures of the typhoid organism. 

6. To determine the fate of the typhoid bacillus in the oyster—whether it is 
confined to the alimentary canal, and whether it increases in any special part or gives rise 
to diseased conditions ; how long it remains in the alimentary canal ; whether it remains 
and grows in the pallial cavity, on the surface of the mantle and branchial folds; and 
whether it produces any altered condition of these parts that can be recognised by the 
eye on opening the oyster. 

7. To determine whether an oyster can free its alimentary canal and pallial cavity 
from the typhoid organism when placed in a stream of clean sea-water ; and if so, how 
long would be required, under average conditions, to render infected oysters practically 


harmless. 


B. The methods which we employed in attaining these objects were as follows :— 
I. Observations upon oysters laid down in the sea at Port Erin :— 
(a) Sunk in 5 fathoms in the bay, in pure water. 
(4) Deposited in shore pools, but in clean water. 
(c) Laid down in three different spots in more or less close proximity 
to the main drain-pipe opening into the sea below low-water mark. 
These observations were to ascertain differences of fattening, condition, mortality, 
and the acquisition of deleterious properties as the result of sewage contamination. 
II. Observations upon oysters subjected to various abnormal conditions in the 
laboratory.* 
(a) A series of oysters placed in sea-water and allowed to stagnate, in 
order to determine the effect of non-aération. 
(6) Similar series in water kept periodically aérated. 
(c) A series placed in sea-water to which a measured quantity of fresh 
(tap) water was added daily, to determine the effect of a reduction of 


salinity. 


* The oysters were kept in basins, in cool rooms of constant temperature, shaded from the sun, both at 
the Port Erin Biological Station, and also in the Pathological and Zoological Laboratories at University College, 


Liverpool. 
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(2) A series of oysters weighed approximately, and fed upon the 
following substances, viz :—(1) Oatmeal, (2) Flour, (3) Sugar, (4) Broth, 
(5) Living Protophyta (Diatoms, Desmids, Alga), (6) Living Protozoa 
(Infusoria, &c.), (7) Earth. 

In this series of experiments the oysters were fed every morning, and the water 
was aérated but not changed (evaporation was compensated for by the addition of a 
little tap water as required). The oysters were weighed from time to time, and obser- 
vations made upon the apparently harmful or beneficial effects of the above methods of 
treatment. 

(@)-A series of oysters placed in sea-water to which was added daily :— 
(1) Healthy feecal matter. 
(2) Typhoid feecal matter. 
(3) Pure cultivations of the typhoid bacillus. 

The oysters were carefully examined to determine their condition, with special 
reference to condition of branchie, alimentary canal, adductor muscle, liver, and viscera 
generally. 

The contents of the rectum, as well as the water in the pallial cavity, were subjected 
to bacteriological analysis, to determine the number of micro-organisms present, per 


cubic cm., as well as the identity of the typhoid or other pathogenic organisms, 


C. The following is a summary of the results obtained :— 
I. The beneficial effects of aération :— 
(a) By the addition of air only, 
(6) By change of water : 
pointing to the conclusion that the laying down of oysters in localities where there is a 
good change of water, by tidal current or otherwise, should be beneficial. 

II. The diverse results obtained by feeding upon various substances, amongst 
which the following may be noted :—The exceedingly harmful action of sugar, which 
caused the oysters to decrease in weight and then die; whilst the other substances 
detailed above enabled them to maintain their weight or increase. The oysters thrive 
best upon the living protophyta and protozoa. Those fed upon oatmeal and flour 
after a time sickened, and eventually died. Some were fed upon quantities of a minute 
green alga (Mtcrocystis), which we happen to have in abundance in a fountain. This 
did not result in any greening of any part of the oyster. 

III. The deleterious effect of stagnation, owing to the collection of excretory 
products, growth of micro-organisms, and formation of scum upon the surface of the 
water. 

IV. The toleration of sewage, &c. It was found that oysters could, up to a 
certain point, render sewage-contaminated water clear, and that they could live for a 
prolonged period in water rendered completely opaque by the addition of fecal matter ; 
that the faecal matter obtained from cases of typhoid was more inimical than that 
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obtained from healthy subjects ; and that there was considerable toleration to peptonized 
broth. 


V. The infection of the oyster by micro-organisms. 

The results of the bacteriological examination of the pallial cavity of the oyster, 
and of the contents of the rectum, showed that in the case of those laid down in the 
open water of the Bay the colonies present were especially small in number, whilst in 
those laid down in proximity to the drain-pipe the number was enormous (¢@., 17,000, 
in one typical culture, as against 10 in the former case). It was found that more 
organisms were present in the pallial cavity than in the rectum. In the case of the 
oysters grown in water infected with the Laczllus typhosus, it was found that there was 
no apparent increase of the organisms, but that they could still be identified in cultures 
taken from the water of the pallial cavity and rectum fourteen days after infection. 

It was found that the typhoid bacillus would not flourish in clean sea-water, and 
our experiments seemed to show that it decreased in numbers in its passage along 
the alimentary canal of the oyster. It would seem probable, therefore, that by methods 
similar to those employed in the “Bassins de dégorgement” of the French ostrei- 
culturists, where the oysters are carefully subjected to a natural process of cleansing, 
oysters previously contaminated with sewage could be freed of pathogenic organisms or 
their products without spoiling the oyster for the market. 

It need scarcely be pointed out that if it becomes possible thus to cleanse 
infected or suspected oysters by a simple mode of treatment which will render them 
innocuous, a great boon will have been conferred upon both the oyster trade and the 
oyster-consuming public. 

The remaining sections of this memoir deal with further points and investigations 
in connection with the infection and disinfection of the oyster and other shellfish. 


XII.—CONDITION OF OYSTER BEDS AND LAYINGS. 


It has been known for some time that many of the places in estuaries or 
harbours where oysters are laid down to fatten, or to await their market, have been kept 
in a most insanitary condition, either because the water as a whole is polluted, or 
because the opening of some drain-pipe is in such close proximity that the discharge 
from the drain is liable to pass over the shellfish, We showed in 1895, in our 
preliminary paper, that oysters have a very remarkable power of withstanding organic 
impurities in the water, and can continue to live in water much polluted with sewage. 
In fact they are able, if kept sufficiently aérated; to render water almost opaque with 
sewage clear in a wonderfully short time. 

As the result of our observations on oyster-beds, and our experiments on the 
kinds of water in which oysters will live, we recommended, in January, 1896,* 

“1st, A strict examination of all grounds upon which oysters are grown or 

bedded so as to ensure their freedom from sewage; and 

2nd, If practicable, the use of ‘dégorgeoirs’ or disgorging tanks, in which the 
oysters should be placed for a short time before they are sent to the 
consumer.” 

Towards the end of the same year, the Local Government Board Report on 
Oyster culture in relation to Disease, containing sections by Sir Richard T. Thorne, Dr. 
H. T. Bulstrode, and Professor E. Klein, appeared, giving detailed statements as to the 
insanitary conditions under which oysters are grown or kept on various parts of our 
coasts. Dr. Bulstrode has shown conclusively, by his descriptions and plans, what was 
known previously only to those who had taken the trouble to look into the matter, 
that while some of the localities from which our oysters come to market are excellently 
suited for the purpose and free from reproach, other “layings” are in a disgraceful 
condition of sewage contamination. That is undoubted ; but as to the further question, 
whether the typhoid organism, if it gains access to the body of the oyster from sewage, 
finds itself in a suitable medium for continued life and multiplication, it is difficult 
to arrive at any definite conclusion. Professor Klein’s experiments, like our own (see 
below, p. 45), are not sufficiently extended to be positive upon this point. There is, however, 
a marked difference between the cultures obtained from oysters taken from a contaminated 
source and those from pure water free from all possible sewage pollution. The body 
of the oyster is probably not a favourable medium for the growth of pathogenic organisms, 
the risk of infection is probably therefore never great, and if a little more care were 


exercised there would be practically no danger at all. 


* Report to the Lancashire Sea Fisheries Committee: Trans. Biol. Soc. Liverpool. Vol. X., p. 174. 
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What is really required is— 

ist. That some central, or local, Authority should inspect and license the oyster 
beds and layings, and that without such license, no oysters should be 
sold* ; and 

2nd. That all those who cultivate and those who sell oysters should exercise 

ordinary common sense, and elementary notions of decent cleanliness, in their 
responsible position as purveyors of an important and nutritious article of 
diet. 

Mr. C. E. Fryer, in the recently published 12th Annual Report of the Sea Fisheries 
Inspectors for England and Wales, discusses this question, and points out the difficulties 
in the way of preventing polluted oysters being shipped from unlicensed to licensed 
beds, and in regulating the importation of foreign oysters. However, as he himself states, 
these difficulties are not insurmountable. 

We quite agree with Mr. Fryer’s further remark, that whatever precautions and 
regulations are adopted for preventing the distribution of contaminated shellfish, they 
ought to include measures for duly apportioning among the various parties concerned 
(such as those interested in the drains as well as those interested in the oysters) the 
responsibility for the contamination. 


* Since the above was written, an Oyster Bill has been laid before Parliament, which, although capable 
of improvement in some details, does much to meet the present difficulties. 
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XII.—THE BACTERIOLOGY OF THE OYSTER AND OTHER 
Syalle iby RSs! 


Our investigations under this head have been made in the following directions :— 

The Identification and Differentiation of the Bacillus typhosus and B. colt 
COMMUNES. 

2. The action of sea-water upon the growth of the Bacillus typhosus. 

3. Lhe infection of the oyster with the Bacillus typhosus. 

4. The bacteria present tn the alimentary canal of the oyster and other shellfish. 

5 


_ 
. 


. The occurrence of Bacillus enteritidis sporogenes tn shellfish. 

In September, 1896, an abstract of our results was published at the Liverpool 
Meeting of the British Association, and shortly afterwards the Local Government Board 
Report upon “Oyster Culture in Relation to Disease” appeared (November, 1896). 
The report was a very full one, and was furnished by Dr. Bulstrode and Professor 
Klein, and summarised by Sir Richard Thorne Thorne. The ground covered by 
Professor Klein and by ourselves was much the same, and our results approximated to his. 
Since then we have continued the work, and have repeated and extended our observa- 


tions, of which the following are the more important. 


I.—-THe IDENTIFICATION AND DIFFERENTIATION OF BACILLUS TYPHOSUS AND 


B. COLI COMMUNIS. 


We have systematically tested the majority of the chief differential reactions 
upon samples of B. typhosus and B&B. cold obtained from numerous sources, and have in 


all cases found unmistakable differences between the two bacilli. 
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Table showing Differences of Reaction. 


- a Potassium 
ermentation, Indol : Iodide 
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Gelatine. Gelatine. 
I.—B. typhosus. 
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1 Institut Pasteur aes ... | Well marked. | Marked pink. | Marked. Growth 
| | | abundant. 
2 Prof. Delépine... nas a - Slight pink, < % 
3 Prof. Wright ... aig te | 53 Pink, | A % 
4 7a Slight pink. , 
5 45 Marked pink. 3 #5 
6 ee ae ‘ Pink. ‘ 4 
7 Dr. Sims Woodhead 5 * . » 
8 a » 3 ” 
2 ” ” ” ” 
ire) z 7 ; 2 
II P i z = 
12 Dr, Kanthack ... 5 Slight pink, ” 5 
13 ere se ee sat 53 Absent. *5 . 
14 Institute of Preventive 
Medicine “A < % i 


Summary of Constancy or Variability of Reactions. 

B. typhosus.—(1) Fermentation test; no gas formation. (2) Indol reaction; slight 
indication in one case. (3) Milk coagulation; slight clot in one case. (4) Potassic 
iodide potato gelatine; characteristic invariably. (5) Potato; constant with usual 
precautions. (6) Reaction in gelatine; marked differences of rate of diffusion. 
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B. coli—(1) Fermentation ; rate of gas formation variable. (2) Indol reaction; not 
constant. (3) Milk coagulation ; constant. (4) Potassic iodide potato gelatine ; abundant 
growth. (5) Behaviour in gelatine; diffusion very variable, in many cases less rapid 
than with B. ¢yphosus. (6) Motility ; very variable. 

This preliminary investigation proved of great service in familiarizing ourselves 
with the appearances of typhoid and colon bacilli, and prepared the way for the subsequent 
investigations. 


IL—THE ACTION OF SEA-WATER UPON THE GROWTH OF THE B. TYPHOSUS. 


Kight experiments were made to ascertain whether the &. ¢yphosus was capable 
of multiplying in sea-water. The subject was naturally one of very considerable import- 
ance in connection with the liability of oysters to infection when grown in sewage- 
contaminated water. Our experiments showed that sea-water was inimical to the growth 
of the B. typhosus. 

When a large number of bacilli are added to the water, their presence may be 
demonstrated longer than in cases where smaller quantities are used. Fourteen days 
would appear to be the average duration in sea-water incubated at 35° C.; whilst, kept 
in the cold, their presence was demonstrated, as will be seen by experiment VII., on 
the twenty-first day. There appears to be no initial or subsequent multiplication of the 
bacilli. Between forty and seventy hours after infection there is less decrease than at 
other periods; but there is no evidence of increase in numbers of the bacilli, when 
grown in sea-water, either when incubated or at ordinary temperatures. Dr. Klein, in 
his Report, states that in no instance did he find evidence of multiplication of the 
bacilli in the sea-water. He was able to recover the bacillus up to the fourth week. 
In 1889, Giaxa made a series of observations upon the vitality of the 2B. typhosus in 
sterilized and non-sterilized sea-water, and showed that it was present in the latter up 
to the ninth day, and in the former to the twenty-fifth. In this connection may be 
taken the observation of Frankland and Ward,* that a 3 per cent. salt solution most 
prejudicially influences the growth of the 4. typhosus, the latter disappearing by the 
eighteenth day. Experiments similarly conducted upon the propagation of the 4. ¢yphosus 
in fresh water have yielded similar results. Thus Kraus showed that a very rapid 
decline of the bacillus, and a very rapid increase of the ordinary sea-water bacteria, 
took place when the water was incubated. Frankland and Ward showed that the 
bacillus disappeared at the end of thirty-four days in unsterilized Thames water, and 
that there was no multiplication in potable water. 

How far all these laboratory experiments may be taken as indicating what 
actually takes place in nature, it would be difficult to say. The bacillus probably does 
perish in a short time in the sea, just as it does in sea-water in the laboratory, but 


* Proc. Roy. Soc., vol. LVI., p. 440. 
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we have no evidence before us to show how far this is so in the case of the mud upon 
which the oysters may be laid; here it is possible that the bacillus might be capable 
of a saprophytic existence. The observations of Loesener, Robertson, and others con- 
cerning the duration of vitality of the B. typhosus in artificially infected earth, would 


tend to support such a view. 


Tables showing the Action of Sea-water upon the Growth of the B. typhosus. 


EXPERIMENT I. No. of Bacilli 
At time of mixing tee on we ie fee aS 29,250 
After 21 hours tse ae re sae ae ie 20,475 
sy AGM yy crate a ae re at Ar oe 9,945 
ay 2 Geary us sti te Sof ne Aa 9,360 
SMOG E Aste: ie he ae as Hie aes 5,850 
By ZA! $ sa wide wt sia eas ae 260 
ra cy loner enare sis vk soe es Ss a II 


EXPERIMENT II. 


At time of mixing ... ie er tee ita ee 1,300 
After 21 hours... sn ae Ae ee a “a 1,105 
my tbe & 780 
ees 650 
» 95 4 325 
» 270 ” 2 
» 340 5 ° 


EXPERIMENT ITI. 


At time of mixing cb oa oe hed is ae 22,750 
After 5 hours ee ae ys ABS bic ar 17,550 
TRS ary erro aa ae ae oh a we 11,700 
sd Om: use ee sek bee ee ie 3,250 
Cee ane dee ae ASE a ats 260 
» 247 ”’ 455 
” 316 ” 325 


EXPERIMENT IV. 


At time of mixing ... Me ane one A, se 130 
After 6 hours... Ae ae set on se nee 4I 
23 es ee Bye Hie ee ane As 31 
b5 AS otek af es ae te ue. os 38 
72s nee obs as as as ae negative 
AT. gaysee: me at oe aa vee ht I 
7 SLOn ae aon aa ant g00 ee fe) 


EXPERIMENT V. 


At time of mixing bia wis fish BE aes Ace 31,200 
After 172 hours”... or ae sles ae ts 9,360 
ae edges a 4 ates ate ant she 325 
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EXPERIMENT VI. 
At time of mixing ... oe fet Se a: - 325 
After 172 hours or ee bee mae ee a 2 


EXPERIMENT VII. 


At time of mixing ... o vi ae 325 
After 504 hours (water kept at 8 C.—10° C.) a i 79 
EXPERIMENT VIII. 

At time of mixing ... is aes nice ie 428 325 
After 504 hours fe fe Si ais ae tre fe) 


[—T aE INFECTION OF THE OYSTER WITH THE B. TYPHOSUS, AND ITS 
REMOVAL BY WASHING. 

These experiments were undertaken to ascertain whether oysters offered a favour- 
able nidus for the multiplication of typhoid bacilli. 

Healthy oysters were placed in large glass vessels containing sea-water, to which 
was added surface scrapings from agar plates previously inoculated with the typhoid 
bacillus. 

By means of a syringe the water was aérated once or twice daily. 

The contents of the stomach were pipetted out in the manner that will be 
indicated further on, and agar plates made; at the same time the water in which the 


oyster was placed was likewise analysed. 


Table showing number of Organisms present tn Stomach after infecting water. 


\ | 
No. of Organisms 7 ; : 
Oyster. Inoculated. Examined, Colonies. __ present ccna ates cas 
Agar. in Oysters. ° 
I August 25. August 26. 1,700 Almost entirely} Water in the same case | 
| typhoid. 585,000 per c.c 
2 ” ” | 22 H ” 
| . 
3 3 August 27. 7,020 . Water in the same case 
| 468,000 per c.c. 
3 August 28. | 7,000 - Water in same case 
40,950 on agar, 
| | 5,200 on gelatine. 
5 August 26. | August 29. | 453 ; | 
6 August 28. August 30. | 195 f Water in same case 
8 3 5 
7 5 September 4. 390 ‘ 2,047,500 per C.C, 
8 August 31. 5 325 B | 
9 rs | September Io. 455 FS | 


The above table shows that the typhoid bacillus does not increase in the body or in 
the tissues of the oyster. The figures would rather indicate, comparing the large number 
of bacilli present in the water with those found in the alimentary tract, that the bacilli 
perish in the intestine. We showed their presence up to ten days, and Dr. Klein up to two 


or three weeks. 
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In the next series of experiments infected oysters were taken, the duplicates of 
which, as seen in the above table, contained comparatively large numbers of the B. typhosus. 
They were subjected to a running stream of pure clean sea-water. The result was definite 
and uniform ; there was a great diminution or total disappearance of the B. ¢yphosus in 


from one to seven days. 


| No. of 
Oyster, Inoculated. Washed. Examined, ane Kind of Organisms present. 

| 1 August 25. August 26, | August 30. 80 2 Colonies, B. typhosus. 
2 | 5 | August 28. 3 23 B. typhosus present. 
3 August 26. | e es 44 5 
4 | i3 August 29. 1) 4o ” 
5 August 27. " RS 5 A 
6 53 5 August 31. 700 Abundant BZ. ¢yphosus. 
7 | August 28. August 30. 5 55 LB. typhosus present. 
8 | August 26. August 28, | September 3. 4 ? B. typhosus. 
9 | August 27. August 29. | 5 10 No B&. typhosus found. 
10 | 3 es | a 8 3 Colonies of B. typhosus. 
II | August 28. August 30. | September 4. 4 | 1 Colony of B. typhosus. 
12) ae) rh September 3. . 3 200 Majority B. typhosus. 

| 13 August 31. ? 3 4 

| 14 | August 28. September 3. | September 6. 65 | No B. dyphosus, but Proteus. 
15 August 31. | 5 55 5 | 2B. typhosus. 
16 | x | September 5. | ; 70 One-half Colonies B. Zyphosus. 
17 mf September 3. | September Io. i No B. typhosus. 
18 | %) September 5. | September 11. | 2 ? B. typhosus. 


1V.—TuHeE BAcTERIA PRESENT IN THE ALIMENTARY CANAL OF THE OYSTER AND 


THE MuSSEL AND OTHER SHELLFISH. 


The method of analysis consisted in first cauterizing the mantle over the region of 
the stomach and then inserting a fine sterilized glass pipette; the pipette was moved 
about, and when sufficient of the contents of the stomach and the juices of the oyster 
had risen in the pipette, the latter was removed and its contents transferred to liquefied 
agar, ordinary gelatine, or sea-water gelatine, and plate cultivations made. In the first 
six cases examined (see Table, A—F) the oysters were especially fresh ; in all the other 
cases the shellfish had been obtained hap-hazard from the various shops. In a very 
large proportion of cases (% to %) the B. col was isolated. In very many instances 
this organism was present in overwhelming numbers in the Petri dish. 
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Table showing number of Colon-like Organisms tsolated from 48 batches of Oysters. 


No. of Colonies. 


Bacillus isolated giving following reactions. 


Source ' 
of - | 
Salt-water — Fer a- | Coagula- KIL, — 
| | 
A, fo) Not made. | B. coli. 
¢ |B. 5 | | Not looked for. 
a}cC, ) | 
2)D. Oo 
&|E, I Decolorized. 
F. 6 | | | 
f 108 | | 
Shop 2], 1,040 | Active. | Marked.) Marked. | Marked. | _ | 
( 390 | 
4 | | | 
2 | Active. Marked.) Marked.) Marked. ‘Very motile.) Decolorized. 
102 | | | 
| 
ae 
” 5 4 oe | 
ee 
21 
195 | 
ales 
Ssyiad; { 3 | 
3 | ee 
” 70 Active. | None. | Marked.| Marked.| Motile. | Decolorized. 
9 Active. | None, | Marked.| Marked. _ Decolorized. 
» &@9 é 
260 
» roll 53 | 
II f 65 ; | ; 
® \ 70 Active. | Marked.| Marked.| Marked.| Motile. Decolorized. | 
,|f 650 | 
» 1211 260 Active. | None. | Marked.| Marked.| Motile. | Decolorized. | 
13 f 150 Active. | Marked.} Marked.| Marked.| Motile. Decolorized. 
" L195 
oA ate . 
ied ( 2 None. None. | Marked.| Marked.| Motile. Decolorized. 
f{ 100 
emo oe Active. | Marked.| Marked.| Marked.| Motile. | Decolorized. 
{ 20 
» 16 70 Active. | Marked.| Marked. | Marked.| Motile. Decolorized. 
» 18 2 3,025 Active, | Marked. | Marked.} Marked.| Motile. Decolorized. 
» 19 I 2,330 
5 ee20) 265 13,000 
eek 100 1,755 Active. | Marked. | Marked. | Marked.| Motile. Decolorized. 
ap ee 35 2,330 Active. | Marked.| Marked.| Marked.| Motile. Decolorized. 
a2. 15 3,02 Active. | Marked. | Marked.| Marked.| Motile. Decolorized. 
» 2 4° 6,500 
» 25 5 13,000 
26 2 8,775 : 
8) 325 17,550 Active. | Marked.| Marked. | Marked.| Motile. Decolorized. 
» 30 50 20,475 . : ; } 
ol 65 2,925 Active. | Marked.| Marked.} Marked.| Motile. Decolorized. 
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In a further series of experiments we examined nineteen batches of Oysters, 
seventeen batches of Mussels, eighteen batches of Cockles, five batches of Periwinkles, 
and one batch of Whelks: these were all obtained from shops in various parts of 


Liverpool. 


Table Il, showing Colon-like Organisms tsolated from 19 batches of Oysters. 


Bacillus isolated giving following reactions. 
Oyster. P, 
Motility. Fermentation. Milk. Indol. Bee Serum Reaction. 
| | an | | 
Bo Actively | Marked. Marked. Marked. | Abundant. | Negative. 
motile. | 
| : | ; 
Ba Sluggish. | fo) Peptonized. Marked. | Abundant. Negative. 
34 Actively Marked. oO fo) | Small. | Negative. 
motile. | | | 
| | | 
35. ~+| Actively ° Oo | 3) | Visible. | Negative. | 
motile. | | | | 
36 Motile. =| Marked. Marked. | Marked. Abundant. | Negative. 
37 Oo ie) | (9) | oO oO | oO 
| 
38 te) ty) | fe) fo) oO | fo) 
39 Actively. o ) o ' Abundant. Negative, forms 
| | alkali in neutral 
| | litmus whey. 
| | 
40 | | 
41 | | | 
> to) | 3) (6) oO ie) | (0) 
44 Actively. | Marked. | oO | e) | Abundant. | Negative, forms | 
| | alkali in neutral 
| | | | litmus whey. 
| 45 | 
| 46 
47 Oo Oo to) fo] (0) oO | 
| 
48 | | | 
| 49 | | 
| 
} 50° | | 


i 
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Table L11., showing Colon-like Organisms tsolated from 18 batches of ALlussels. 


Mussels. 


SE TON ay aes (5) 


Motility. | Fermentation. Milk. Indol. aoe | Serum Reaction and Remarks. 
2 Growth. 
| ati Bs = 
) | ) 0 ) | Oo 
) | ) oO ) | oO 
Active. | Marked. Marked. Oo Abundant.’ Negative, alkalinizes whey. 
| 0 0) ) ) Co) Co) 
| | 
Active. Co) Co) 0) Abundant. Negative, neutral reaction 
in litmus whey. 
ce) oO O 0 @) O 
) ) Marked. oO Co) te) 
Active. ) co) ) Abundant.) Negative, alkali in neutral 
whey. 
Active. Marked. | Marked. to) Variable. | Negative, neutral reaction. | 
| 
| 
> 0 ) co) to) ro) ) | 
| 


Table IV., showing Colon-like Bacilli tsolated from 18 batches of Cockles. 


49 


Cockles. Motility. Fermentation. 
sit 

2 (7) to) 
3 | 

4 Marked. 
te 

6 (0) (6) 
7 | 

8 Non-motile. Oo 
9 

ie) 

II 

12 

13 

14 ss 2 
15 

16 

17 

18 


Milk. 


| (0) 


| Marked. 


| 


Indol. | Potato growth. Remarks. 
fe) te) oO 
oO oO oO 
) Variable. Slight acid 
reaction. 
oO fe) fe) 
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Result of examination of 1 batch of Whelks. 


Whelks. Motility. Fermentation. Milk. Indol. Fea Remarks. 
growth, 
| || 
I Slight. ) ) Variable. | Slight acid reaction 
in neutral litmus 
whey. 


The 5 batches of periwinkles yielded no colon-like bacilli. 

The second series of results tends to confirm those of the first. In some instances 
there was almost a pure culture of the colon bacillus, the plate cultivations giving a 
very characteristic odour. It will be seen from all the tables that the “colon-like ” 
bacilli isolated differ in some of their reactions. There are numerous examples of typical 
colon-like bacilli, coagulating milk, forming indol, gas, and giving a decided acid reaction. 
But there are several cases in which the bacilli are active, do not coagulate milk nor 
form indol, with very slightly acid or sometimes alkaline reaction. In these cases, 
which by their reactions approached the typhoid-like type, the serum reaction was 
carefully applied, but in no case was a positive result obtained. This indifferent colon 
group is of considerable interest, for it is quite possible that it might be confused with 
true typhoid. The tables also show that the oyster is more frequently liable to the 
presence of “colon-like organisms” than the other species of common edible shellfish 
examined. It is difficult to say what may be the significance of the so frequent appearance 
of this group of organisms. Dr. Klein is of opinion that the presence of the B. cold 
in the oyster is strongly suggestive of fouling of the particular sample with material 
of excremental origin. We are not yet prepared to go so far as this until we have 
learnt more about the normal occurrence of this organism in the animal kingdom. 


V.—THE OCCURRENCE OF “ BACILLUS ENTERITIDIS SPOROGENES” IN SHELLFISH. 


We have recently examined samples of shellfish (oysters, mussels, cockles, and 
periwinkles) from the Liverpool shops, and find amongst them the frequent occurrence 
of large spore-forming anaérobic bacilli with the characteristics of Klein’s B. enteritidis 
sporogenes. The interest of this consists in the recent demonstration* by Dr. Klein, that 
this bacillus occurs in certain cases of diarrhoea, in sewage, in manure, &c., and that 
its presence in articles of diet may be taken as presumptive evidence of feecal contamina- 
tion. The Medical Officer, in his last report to the Local Government Board, sums 
up the present position when he says,t “He (Dr. Klein) has, he believes, ground for 
regarding this bacillus as primarily derived from excrement, and for considering its 
presence in water, earth, and the like, as a more trustworthy criterion of direct fecal 


pollution than the presence merely of B. colt.” 


* Twenty-seventh Annual Report of the Local Government Board for 1897-98. Medical Officer’s Supplement. 
+ Loc. cit., p. 20. 
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We have considered it therefore of importance to examine specially for this organism 
a number of samples of oysters and other shellfish, as shown in the following table. 
The methods we have employed are these :—The shellfish have been carefully opened, 


) 


and the water and “juices” surrounding the animal have been taken up in a sterilized 
pipette. A freshly-prepared milk tube, sterilized by boiling for one hour, is kept at a 
temperature of 80° C., and then inoculated and kept at 80° C. for fifteen minutes. The 
inoculated twbe is then placed in a pyrogallate of soda tube (Buchner’s method), and 
in addition the air replaced by running in hydrogen ; the tube is firmly stoppered, and 
then transferred to the incubator and kept at 37° C. Well-marked results were obtained 
in 24 hours. 

One cubic centimetre of the whey from the above tubes was inoculated sub- 
cutaneously in the groin of guinea-pigs. The results were noted after 24 hours. 


Se Action on Milk in absence Results of Inoculation Remarks on Microscopic 
| Shellfish, Sample. of Oxygen. in Animals. Preparations. 
aes es 
Oysters. I Coagulation, No gas. No effect. Short spore-bearing | 
bacilli present. | 
_ 2 None. a 
i 3 None. | = 
Coagulation. Gas Local necrosis. 
formed. 
¥ 5 Slight coagulation. Swelling. 
Slight gas formation. | 
% 6 Marked coagulation. Swelling. 
Abundant gas. 
s | 7 None. — 
; 8 None. — 
” | 9 None. — 
re | 10 None. — 
33 | II None. — 
Mussels. I Coagulation. Gas | Swelling. | Large spore-bearing 
formation. | anaérobic bacilli present. 
’ 2 Marked coagulation. Swelling. | Do. 
Gas formation. 
Es 3 Do. do. Swelling. 
” 4 Do. do. Swelling. 
” 5 Do. do. Nothing. 
i 6 None. aaa 
Cockles. I Marked coagulation. Extensive necrosis Small bacilli present. 
Gas formation, and swelling. 
3 2 Do. do. Do. Large spore-bearing 
anaérobic bacilli present. 
°F 3 Do. do. Do. 
| im 4 Slight coagulation. Slight local reaction. 
No gas. 
Periwinkle.* I Coagulation. Gas Slight swelling. Large spore-bearing 
formation. anaérobic bacilli present. | 


* Large Letlorina liltorea from the west coast of Scotland. 
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This Table indicates that, so far as regards anaérobic milk-coagulating bacilli, 
oysters as bought in the town shops are considerably better than the other shellfish. 
The inoculations, however, were not in any case followed by death within 24 hours ; 
while simultaneous experiments, in which the anaérobic milk-coagulating, spore-bearing 
bacilli were isolated from sewage, gave fatal results in that time. We are thus not yet 
prepared to say whether the bacilli from the shellfish are distinct from J. enteritidcs, 


or represent attenuated (less virulent) conditions of Klein’s form. 


It is evident from the result of these experiments, and a consideration of all the 
facts brought to light in recent years in regard to the bacteriology of shellfish and its 
influence on public health, that we must regard oysters, mussels, cockles, and the like 
as nutritious food matters which, from their nature and the circumstances of their 
cultivation and sale, are liable to become contaminated with organisms—pathogenic or 


otherwise—and their deleterious products. 


Once this is recognised the practical applications are largely a matter of common 
sense. Shellfish must not be taken as food from grounds where there is any possibility 
of sewage contamination ; after removal from the sea, while in transit, in store, or in 
market, they should be carefully protected from any possibility of insanitary environment ; 
they should not be kept longer than is absolutely necessary in shops, cellars, &c., in 
towns, where, even if not running the risk of fresh contamination, they are under conditions 
favourable to the reduction of their vitality and the growth of their bacterial contents— 
the fresher they are from the sea the more healthy they are likely to be; finally, only 
absolutely fresh shellfish should be eaten uncooked, and those that are cooked must be 
sufficiently cooked, raised to boiling point and kept there for at least ten minutes. 
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XIV.—CONCLUSIONS. 


1. Although our primary object was to study the oyster under unhealthy con- 
ditions, in order to elucidate its supposed connection with infective disease, we found it 
necessary to investigate in minute detail the histology of certain parts of the body— 
especially the gills and mantle-lobes, the alimentary canal and the liver. We give 
figures and descriptions of parts of these structures in both normal and abnormal 
conditions. 

2. We have also worked out the distribution and probable function of a minute 
muscle, which we believe to be the modified representative of the protractor pedis 
muscle of some other Molluscs. 

3. A diseased condition we found in some of our experimental oysters very soon 
brought us in contact with the vexed question of “greening” in oysters, and one of 
the first results we arrived at was that there are several distinct kinds of greenness in 
oysters. Some of these, such as the green Marennes oysters and those of some rivers on 
the Essex coast, are healthy ; while others, such as some Falmouth oysters containing 
copper, and some American oysters re-bedded on our coast, and which have the pale 
green leucocytosis we described in a paper to the Royal Society, are not in a healthy 
state. 

4. Some forms of greenness (e¢,¢., the leucocytosis) are certainly associated with 
the presence of a greatly increased amount of copper in‘the oyster; while other forms 
of greenness (e,g., the Marennes) have no connection with copper, but depend upon the 
presence of a special pigment (marennin), which may possibly be associated with a 
certain amount of iron. 

5. We see no reason to think that the iron in the latter case is taken in through 
the surface epithelium of the gills and palps, but regard it, like the rest of the iron in 
the body, as a product of ordinary digestion and absorption in the alimentary canal 
and liver. 

6. We do not find that there is any excessive amount of iron in the green 
Marennes oyster compared with the colourless oyster, nor do the green parts (gills, 
palps, &c.) of the Marennes oyster contain, either absolutely or relatively to the 
colourless parts (mantle, &c.), more iron than colourless oysters. We therefore conclude 
that there is no connection between the green colour of the “Huitres de Marennes ” 
and the iron they may contain. 

7. On the other hand, we do find by quantitative analysis that there is more copper 
in the green American oyster than in the colourless one ; and more proportionately in the 
greener parts than in those that are less green, We therefore conclude that their green 
colour is due to copper. We also find a greater quantity of iron in these green American 
oysters than in the colourless; but this excess is, proportionately, considerably less than 


that of the copper. 
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8. In the Falmouth oysters, containing an excessive amount of copper, we find that 
much of the copper is certainly mechanically attached to the surface of the body, and is 
in a form insoluble in water, probably as a basic carbonate. In addition to this, however, 
the Falmouth oyster may contain a much larger amount of copper in its tissues than does 
the normal colourless oyster. In these Falmouth oysters the cause of the green colour 
may be the same as in the green American oyster. 

9. By treating sections of diseased American oysters under the microscope with 
potassium ferrocyanide and various other reagents, we find that the copper reactions 
correspond in distribution with the green colouration ; and we find, moreover, from these 
micro-chemical observations that the copper is situated in the blood-cells or leucocytes, 
which are greatly increased in number. This condition may be described as a green 
leucocytosis, in which copper in notable amount is stored up in the leucocytes. 

10. We find that an aqueous solution of pure hematoxylin is an extremely delicate 
test for copper, just as Macallum found it to be for iron. 

11. Experiments in feeding oysters with weak solutions of various copper and iron 
salts gave no definite results—certainly no clear evidence of any absorption of the metals 
accompanied by “ greening.” 

12. Although we did not find the Baczl/us typhosus in any oysters obtained from the 
sea or from the markets, yet in our experimental oysters inoculated with typhoid we were 
able to recover the organism from the body of the oyster up to the tenth day. We show 
that the typhoid bacillus does not increase in the body or in the tissues of the oyster, 
and our figures indicate that the bacilli perish in the intestine. 

13. Our experiments showed that sea-water was inimical to the growth of the 
typhoid bacilli. Although their presence was demonstrated in one case on the 21st day 
after addition to the water, still there appeared to be no initial or subsequent multiplication 
of the bacilli. 

14. In our experiments in washing infected oysters in a stream of clean sea-water 
the results were definite and uniform: there was a great diminution or total disappearance 
of the typhoid bacilli in from one to seven days. 

15. The colon group of bacilli is frequently found in shellfish as sold in towns, 
and especially in the oyster ; but we have no evidence that it occurs in Mollusca living 
in pure sea-water. The natural inference, that the presence of the colon bacillus invariably 
indicates sewage contamination, must, however, not be considered established without 
further investigation. 

16. The colon group may be separated into two divisions—(1) those giving the 
typical reactions of the colon bacillus, and (2) those giving corresponding negative 
reactions, and so approaching the typhoid type ; but in no case was an organism giving all 
the reactions of the B&B. typhosus isolated. It ought to be remembered, however, that our 
samples of oysters, although of various kinds and from different sources, were in no case, 
so far as we are aware, derived from a bed known to be contaminated or suspected of 


typhoid. 


CONCLUSIONS. 55 


17. We have shown the frequent presence, in various shellfish, of anaérobic spore- 
bearing bacilli showing the characteristics of the B. exzeritidis sporogenes recently described 
by Klein. 

18. Consequently, as the result of our investigations and the consideration of 
much evidence, both from the Oyster Growers and the Public Health Officer’s point of 
view, we beg to recommend— 

(2) That the necessary steps should be taken to induce the oyster trade to remove 
any possible suspicion of sewage contamination from the beds and layings 
from which oysters are supplied to the market. This could obviously be 
effected in one of two ways: either (1) by restrictive legislation and the licensing 
of beds only after due inspection by the officials of a Government Department ; 
or (2) by the formation of an Association amongst the Oyster Growers and 
Dealers themselves, which should provide for the due periodic examination of 
the grounds, stores, and stock, by independent, properly qualified inspectors. 
Scientific assistance and advice given by such independent inspectors would 
go far to improve the condition of the oyster-beds and layings, to reassure the 
public, and to elevate the oyster industry to the important position which 
it should occupy. 

(6) Oysters imported from abroad (Holland, France, or America) should be 
consigned to a member of the suggested “Oyster Association,” who should 
be compelled by the regulations to have his foreign oysters as carefully 
inspected and certified as those from his home layings, A large proportion 
of the imported oysters are, however, deposited in our waters for such a 
period before going to market, that the fact of their having originally come 
from abroad may be ignored. If this period of quarantine were imposed 
upon all foreign oysters, a great part of the difficulty as to inspection and 
certification would be removed. 

(¢) The grounds from which mussels, cockles, and periwinkles are gathered should 
be periodically examined by scientific inspectors in the same manner as the 
oyster-beds. The duty of providing for this inspection might well, we should 
suggest, be assumed by the various Sea Fisheries Committees around the coast.* 


* Since the above was written, and published in a preliminary abstract of this memoir, we are glad to 
learn that (1) the ‘‘ British Oyster Industries Association” has been formed, and (2) an Oyster Bill has been laid 
before Parliament. If the Association takes a sufficiently high view of its responsibilities and duties, the provisions 
of the Bill will become unnecessary. 


EXPLANATION OF THERE AiE Ss, 


The figures have been drawn either by ourselves, or under our immediate direc- 
tion and supervision in our laboratories. The colours are not diagrammatic, but represent 
accurately the natural conditions and the effects of differential staining or chemical 
reactions. 

Most of the histological work has been done with the Zeiss 4; oil immersion 
and the Apochromatic 1.5 mm. and 2 mm. objectives, with the compensating ocular 12. 
Some of the figures have been drawn as seen under other powers, as indicated in the 


explanations. 


REALE a: 
ILLUSTRATING THE GILL. 


Fig. 1.—Diagram of the Anatomy of the Oyster (Os/rea virginica, Gm.) from the left side, natural size. 
A. anterior ; P. posterior; D. dorsal; V. ventral ; a. anus ; add. and add.! the two parts of 
the adductor muscle ; aw. auricles of heart; 67. the two pairs of gills ; eg. cerebral ganglion ; 
cr.s. crystalline style in first portion of intestine; /.d. one of the hepatic. ducts opening into 
stomach ; 2. intestine ; 7./. the narrow intestinal loop ; J. liver ; dg. ligament ; m. mouth ; p.p.! 
anterior and posterior labial palps ; p.m. end of reduced protractor pedis muscle ; p.h. pre-oral 
hood of mantle or cucullus ; pad/. pallium or mantle; 7. rectum; sh. shell; s¢. stomach ; 
uw. umbo of shell; wg.a. urino-genital aperture ; v. ventricle of heart, in pericardium; 9. 
visceral ganglion. 

Fig. 2.—Transverse section of part of a single branchia, to show its two lamella, their closely folded 
condition, and the large skeletal bars (x 40). 

Fig. 3.—Transverse section across two crests of a single branchia, to show the gill filaments, an inter- 
lamellar junction, and the arrangement of the water and blood spaces. (Leitz, obj. 7). 

Fig. 4.—A few gill filaments from one lamella, seen in section, to show their histology. (Zeiss, obj. 73). 

Fig. 5.—A few similar gill filaments from a Dutch green oyster (Nieuport, Jan. 19, 1897), to show the 
distribution of the eosinophilous macroblasts. (Zeiss, obj. 7s). 

Fig. 6.-—Piece of living gill of pale green “ Native” oyster from West Mersea (Feb. 25, 1896), to show 
the active cilia and the green macroblasts. (Swift, 1 inch obj.) 

Fig. 7.—The green macroblasts on three adjacent gill filaments. (Swift, ¢ inch obj.) 

Fig. 8.—Row of macroblasts seen in profile. (Swift, ¢ inch obj.) 

Fig. 9.—Two adjacent gill filaments to show macroblasts (m) and granular leucocytes (/). (Zeiss, 1‘: oil 
immersion). 

Fig. 10.—A macroblast and two adjacent epithelial cells. (Zeiss, apochromatic.) 

Fig 11.—Blood-cells from gill (Zeiss, apochromatic 1.5 mm.) 

Fig. 12.—Piece of free edge of gill of American oyster (June 8, 1898) showing leucocytes aggregated 
in numbers. 

Fig. 13.--Another place on edge of gill showing the leucocytes migrating out. (Swift, } inch obj.) 


Fig 
Fig 


Fig 
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PEA Loi: 
ILLUSTRATING THE REDUCED PROTRACTOR PEDIS MUSCLE, &c. 


g. 1.-—American oyster, with half of the left valve (c.s.) removed, to show the insertion of the reduced 


peda] muscle at sp. 

. 2,—American oyster, with well-marked “spot” (sp.) formed by pedal muscle. 

. 3.—Another specimen, with the edge of the spot strongly pigmented ( x 2). 

. 4.—Section across the adductor impression of the shell ( x 2). The thin black line is dark brown 
pigment. 

. 5.—One end of a similar section magnified: «a, prismatic layer; 6, opaque chalky layer ; ¢, trans- 


parent columnar lining to adductor impression ; d, brown pigment (Swift, obj. 1 inch). 


Fig. 6.—Three sections across the impression formed on shell by insertion of pedal muscle. The smaller 
black marks are brown pigment ( x 2). 

Fig. 7,—One end of a similar section magnified. Lettering as in Fig. 5 (Swift, obj. t inch), 

Fig. 8.—Epithelium on surface of mantle near “spot,” for comparison with, 

Fig. 9.—Modification of surface of mantle at “spot” (Leitz, obj. 7). 

Fig. 10.—Section showing the fibres of the pedal muscle leaving the spot and running inwards and back- 


wards (Leitz, obj. 3). 


. I1.—Section further back, showing the muscle fibres coming into close relation with the large blood 


sinus (/ac.) and with the renal tubules. 


. 12,—Section still further back, showing the fibres cut nearly transversely, and now lying below the 


blood sinus and near the liver tubules. 


, 13.—Last section of the series, showing the distribution of the muscle fibres along the top of the 


anterior end of the external gill (all Leitz, obj. 3). 


Fig. 14.—Diagram to show the action of the modified protractor pedis muscle (p7.) in widening the two 
ciliated food avenues (see arrows) leading to the mouth (m.). 
PEATE IIb 
ILLUSTRATING THE LIVER, &c. 
Fig, 1.—Oblique section of the visceral mass and gills of an oyster, to show relations of stomach (s¢.), 
liver (/.), pallial lobes (pal/.), and the 4 branchice (67.), natural size. 
Fig. 2.—Section of a visceral mass, to show a dark coloured liver, natural size. 
Fig. 3.—Similar section showing a light yellow brown liver, natural size. 
Fig. 4.—Low-power view of a section of visceral mass of a green Dutch oyster, to show stomach (s¢.), 
intestine (7.2.), liver ducts (d.d.d.), and ceca of liver (c.c.c.) ; (Swift, obj. 1 inch), 
Fig. 5.—Section showing the opening of a liver duct into the stomach (Leitz, obj. 3). 
Fig. 6.—Longitudinal section of a liver caecum (Leitz, obj. 7). 
Fig. 7.—Transverse section of a liver caecum (Leitz, obj. 7). 
Fig. 8.—Transverse section of a well-formed liver caecum of a green Dutch oyster (Leitz, obj. 7). 
Fig. 9.—Three liver cells from the last, showing green granules in the cells (Zeiss, apochr. 1°5 mm.). 
Fig. 10.—Section of a group of healthy, well-formed liver caeca (Zeiss, 7'¢ obj.). 


ig. 11.—Section of a group of shrunken, degenerate liver ceca, from a sickly Fleetwood American 


oyster (Zeiss, i'z obj.). 


. 12,—Hepatic cells (h.c.), basal cells or ‘“Fermentzellen” (4.c.), connective tissue (c.#.), green 


leucocyte (/.), from liver caecum of green oyster with green granules (gm. g7’.) in the liver cells 


(Zeiss, apochr. 1 5 mm.). 
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Fig, 


Fig. 


gS. 
. to.—Section of intestine of green Nieuport oyster, unstained and examined fresh to show colour 


OYSTERS AND DISEASE. 


PLATE II1l.—contenued. 


;- 13.—Section showing stomach wall, liver duct, and caca (Swift, obj. } inch), 


14.—Epithelium of stomach wall (Zeiss, obj. #2). 


. 15.—Epithelium of a larger liver duct (Zeiss, obj. 72). 

- 16.—Epithelium of one of the smallest branches of the liver duct (Zeiss, obj. 3's). 

. 17.—Section of stomach wall of a green oyster, showing green pyriform macroblasts (Zeiss, obj. 7s). 
. 18.—Section to show the migration of leucocytes through the stomach wall (Leitz, obj. 7). 


. 19.—Section of stomach of green Dutch oyster, to show large eosinophilous granular cells (eos), 


and also green granular leucocytes (g./.) migrating through the stomach wall (Leitz, obj. 7). 


PEASE LN. 
ILLUSTRATING GREEN OYSTERS, 


1.—“ Huitre de Marennes,” with the right valve removed, and the mantle lobe partly reflected, 


to show the dark blue-green colour of the gills, natural size. 


. 2,—A small part of the gill enlarged with a lens, to show the vertical gill filaments arranged in 


three crests and two troughs. 
3.—A series of adjacent filaments examined alive to show the arrangement of the large macroblasts, 


and also some aimceboid cells on the surface (Leitz, obj. 7). 


. 4.—The macroblasts zz sz/z, more highly magnified, from filaments fixed in formaline, and teased 


(Zeiss, 'z oil im.) 


ig. 5.—Epithelium of the intestinal wall of Marennes oyster, to show the pyriform green granular 


cells (Zeiss, i's oil im.). 


. 6.—Large Dutch oyster, showing the pale green gills. 
. 7.—External surface of mantle of an oyster from Nieuport, to show large granular eosinophilous 


cells, and also green granules in the epithelium (Zeiss, obj. 72). 
8.—Another section of same to show large green granules under the epidermis (Zeiss, obj. 7s). 


9.—“ Native” from the Roach River, to show the pale green gills. 


of epithelium and liver tubules (Swift, 1 inch). 


11.—American oyster, living in sea-water after removal of left valve, to show corrugation of 


mantle lobe, and spotting of mantle and adductor muscle with masses of green leucocytes. 


PA aN. 
ILLUSTRATING THE HISTOLOGY. 


ig. 1.—Section of edge of the mantle of Fleetwood American oyster, in which there is the green 


leucocytosis ; showing vacuolated and disorganised epithelium through which the large granular 


leucocytes have been migrating (Zeiss, 1‘: oil im.). 


g. 2.—Section showing external surface of mantle in Marennes oyster, showing large eosinophilous 


cells (Zeiss, apochr. 1.5 mm.). 


. 3.—Transverse section of part of gill filament in Marennes oyster, showing eosinophilous cells 


(Zeiss, apochr. 1.5 mm.). 


. 4.—Eosinophilous cells in the epithelium and in the sub-epithelial connective tissue of Nieuport 


oyster (Zeiss, apochr. 1.5 mm.). 
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PLATE V.—continued. 


. 5.—Section showing external surface of mantle of Nieuport oyster, showing eosinophilous cells 


passing outwards (Zeiss, apochr. I.5 mm.). 


. 6—Transverse section of pallial tentacle of Dutch oyster, showing eosinophilous cells (Leitz, obj. 7). 


. 7.—Section of internal surface of mantle of American oyster, showing eosinophilous cells (Zeiss 


apochr. 1.5 mm.), 


. 8—Another section of the same, to show the hematoxylin reaction in the eosinophilous cells. 
) y p 
. 9.—Large amceboid granular green leucocytes from the surface of gill and mantle in American 


oyster, with the green leucocytosis, bedded at Fleetwood. The four marked 6 were from the 


blood, the rest from the surface (Zeiss, apochr. 1.5 mm.). 


. 10.—Leucocytes lying between the liver tubules stained with pure hematoxylin (Zeiss, 73). 


. 11,—Transverse section of a gill filament of green “native” from Roach River (Zeiss apochr. 1.5 mm.). 


12,—-Section of the liver of an American oyster with the green leucocytosis, showing the hzema- 


toxylin reaction given by the leucocytes (x 60). 


PEAGE Vil. 


ILLUSTRATING THE GREEN LEUCOCYTOSIS IN AMERICAN OYSTERS. 


. 1.—A healthy well-grown “East River” American oyster. 
. 2.—The same with shell valve removed from right side, to show the nearly colourless mantle. 


. 3.—A similar American oyster (from Liverpool market, May 17, 1897) with left valve removed, 


to show the green leucocytosis. Engorged green blood channels are seen over the viscera 


and on the mantle edge, and the auricles of the heart are filled with green leucocytes. 


ig. 4.—Left side of another similar oyster (Liverpool market, May 18, 1897), where the pallial blood 


channels are very completely injected with green leucocytes. 


. 5.—Group of Portuguese oysters (Ostvea angulata), one of which is opened to show the green 


leucocytosis (July 1897). 


Fig. 6.—An American oyster (O. virginica) re-bedded at Fleetwood, to show a completely green mantle 
(March 30, 1897). 

Fig. 7.—Another, to show a completely green heart and a bright patch on mantle over viscera. 

Fig. 8—An English oyster (O. edu/is) from Falmouth (July 3, 1897), to show the ventricle of the 
heart completely green, and the auricles brown, 

Fig. 9.—Small Dutch oyster (0. edulis), to show green spots scattered over the mantle and adductor 
muscle (July 26, 1897). 

RAIS VU 
ILLUSTRATING THE COPPER REACTIONS IN GREEN OYSTERS. 

Fig. 1.—Part of the mantle of a green American oyster (May 27, 1897) showing the engorged blood 
channels and smaller blood spaces in the connective tissue, coloured red-brown after treatment 
with potassium ferrocyanide (Zeiss, 35 mm.). 

Fig. 2.—Two ventricles of American oysters, one (4) green and one (A) colourless, shown fresh and 
also after treatment with potassium ferrocyanide. 

Fig. 3.—Preparation of blood of green oyster, after treatment with potassium ferrocyanide, to show 


some of the leucocytes coloured red (Zeiss, obj. D). 
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PLATE VI11.—continued. 


Fig. 4.—Small piece of the mantle of green American oyster, after treatment with potassium ferro- 
cyanide, and then left overnight in clove oil to clear, showing an engorged blood channel 
stained red (Swift, 1 inch obj.). 

Fig. 5.—Section of the mantle edge of green American oyster, showing an engorged blood space, coloured 
after treatment with potassium ferrocyanide. 

Figs. 6, 7, 8, 9.—Four similar sections of the mantle edge of a green American oyster, showing a large 
blood space engorged with green ‘eucocytes (Zeiss, 35 mim.). 

Fig. 6.—Unstained, showing the dull green tint. 
Fig. 7.—After potassium ferrocyanide. 
Fig. 8.—After ammonium sulphide. 


Fig. 9.—After pure haematoxylin. 


PLATE Vite 
ILLUSTRATING THE HISTO-CHEMICAL REACTIONS. 


Fig. 1.—Leucocytes in the mantle of the American green oyster, unstained (Zeiss, apochr. 2 mm.). 

Fig. 2.—Another part of the same, treated with pure hematoxylin (Zeiss, apochr. 2 mm.). 

Fig. 3.—The same, treated with potassium ferrocyanide (Zeiss, apochr. 2 mm.). 

Fig. 4.—The same, treated with ammonium sulphide (Zeiss, apochr. 2 mm.). 

Fig. 5A blood space in the mantle filled with leucocytes, treated with potassium ferrocyanide 
(Swift, 4 inch). 


Fig. 6.—A similar blood space, treated with pure heematoxylin (Swilt, § inch). 
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REPORT OF THE MALARIA EXPEDITION 


OF THE 


LIVERPOOL SCHOOL OF TROPICAL MEDICINE 
AND MEDICAL PARASITOLOGY. 


I. PRELIMINARY. 


1.—Introduction.—The Ha@mMamcepip# are a group of unicellular parasites of the 
red blood-corpuscle, found in man and in certain kinds of monkeys, bats, birds, and, perhaps, 
frogs. The group derives great importance from the fact that the human species are the 
cause of malarial fever. 

We owe the discovery of these organisms to Laveran, Danilewsky, Koch, and Dionisi 
and are indebted to Laveran, Golgi, Romanowsky, MacCallum, and others for our knowledge 
of their life-history and structure within the vertebrate hosts. 

Following upon these discoveries, it remained to ascertain the life-history of the group 
outside these hosts; but all efforts to cultivate them or to find them in external nature were 
attended at first with failure. In 1883, however, King adduced a number of reasons in 
support of the view that gnats are connected with the propagation of malarial fever [1]. 
Next year Laveran expressed the opinion that the parasites discovered by him may undergo 
further development in gnats [2]. In 1894 Manson independently came to the same con- 
clusion ; chiefly on the ground that some forms of the parasites (gametocytes) emit certain 
motile filaments (microgametes) after the blood containing them is drawn from the host—a 
phenomenon which could be explained only by the theory that the parasites migrate into 
suctorial insects [3, 4]. Koch, Mendini, and Bignami have also adopted the gnat-theory of 
malaria on various grounds [12]. 

Working in India upon Manson’s induction, one of us, after numerous negative 
experiments with several species of gnats of the genus Culex, succeeded in cultivating one of 
the human Hamamcebide in two species of gnats of the genus Anopheles (dappled-winged 
mosquitoes) in 1897 [5]; and next year completed our knowledge of at least one cycle of 
the life-history of this group of parasites by following the development of Hemameba relicta 
of birds in gnats of the Culex pipiens type [6], and by communicating the infection from 
diseased to healthy birds by the bite of these insects [7]. This work was confirmed by 
Daniels in 1898-99 [8]. 


A 


2 REPORT OF THE MALARIA EXPEDITION. 


In 1897 MacCallum had already supplied an important fact in the life-history of the 
group by demonstrating the sexual nature of certain forms (gametocytes) of the organisms [9]. 

At the end of 1898, Koch and Grassi, Bignami and Bastianelli, almost simultaneously 
confirmed these observations. It was found that in Italy, as in India, the human species develop 
in gnats of the genus Anopheles ; and the Italian observers finally succeeded in infecting healthy 
human beings by the bite of previously infected insects of this kind [10, 11]. 

The results of these investigations have been accepted by Ray Lankester, Laveran, 
Manson, Metchnikoff, and others; and a full history and bibliography of the subject has been 
published by Nuttall [12]. 

To sum up; although some points of importance still require investigation, it has been 
shown that certain species of gnats are definitive hosts of the Hamamoebide ; that the parasites 
are conveyed from diseased to healthy vertebrates (intermediary hosts) by these insects; and 


that the definitive hosts of the human parasites are certain species of Anopheles [Section V.]. 


2. Objects of the Expedition.—As soon as these facts were ascertained it became 
necessary to enquire whether the discovery could not be turned to practical account for the better 
prevention of malarial fever. “Che question was theoretically examined at length by one of us 
in February [13], and again in May, 1899 [14]. From an early stage in his investigations in 
India he had noted that, so far as his studies then went, gnats of the genus Anopheles sometimes 
appeared to breed only in comparatively small and isolated pools of water—a fact which 
suggested that in some localities it may be possible to exterminate them without great difficulty. 
Unfortunately his observations had not been exhaustive enough to enable him to speak with 
confidence on the point ; while other students of the subject had not given it sufficient attention. 

Hence the Liverpool School of ‘Tropical Diseases undertook to open a special investigation 
of the question ; and despatched an expedition consisting of ourselves to the West Coast of Africa 
for the purpose. Our objects were as follows :— 

(1.) To find one or more species of insects hospitable to the human Hamameoebide on 

the West Coast of Africa. 

(2.) To study the bionomics of these insects with a view to suggesting better modes of 

prevention of malarial fever than those hitherto known to us. 

It was not proposed that the expedition should remain in Africa for more than a few 
weeks ; and it will therefore be understood that, owing to the short time at our disposal, we were 


obliged to limit our investigations strictly to the matter in hand. 


3. History of the Expedition.—Sierra Leone was selected for the field of the first 
operations. 

The expedition primarily consisted of (1) Major R. Ross, Lecturer in ‘Tropical Medicine, 
University College, Liverpool ; (2) Dr. H. E. Annett, Demonstrator in Tropical Pathology, 
Liverpool School of Tropical Diseases; and (3) E. E. Austen, Esq., Zoological Department, 


British Museum. 
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We arrived in Freetown, Sierra Leone, on the roth August, 1899; and speedily 
succeeded in ascertaining that two species of gnats of the genus Anopheles found in Freetown are 
hospitable to the human Hamameebide [Section [1I.]. The rest of our time was spent chiefly in 
a study of the bionomics of these insects [Section IV.] ; and we left Freetown for England on the 
27th September, after seven weeks’ stay in the colony. 

Our observations constitute the body of this report ; but before our departure from Sierra 
Leone we were joined by Dr. Fielding-Ould, who was despatched by the Committee of the 
School to continue our labours after our return. After we left, Dr. Fielding-Ould proceeded to 
Accra and Lagos ; and his observations are given separately in the Addenda to this report. 

We were also joined at Freetown by Dr. G. Van Neck from Belgium. Dr. Van Neck 


was unfortunately taken seriously ill shortly after our departure, and did not return until 


December. 


4. Terminology Employed.—As regards the Hemamcebide, we adopt the morpho- 
logical terminology and taxonomic nomenclature already used by one of us in consultation with 
Professor Herdman, F.R.S. [15]. “These will be found;in the Discussions [paragraph 19] ; where 
we consider the terminology further, and also give a summary of the life-history and classification 
of the parasites. 

As there is no difference between gnats and mosquitoes—the latter term being merely one 
which is popularly employed for gnats in warm countries—and as this confusion tends to maintain 
erroneous notions regarding these insects, we propose to abandon the word mosquito and use in 
preference the old English equivalent guat. 

The terms malaria and malarial fever are unsound, while pa/udism is inexact. We may 
therefore venture to suggest the appellations hemamebiasis or gnat-fever for the disease which is 
the subject of this report. They will at least serve to popularise more correct notions of the 


malady than are implied in the word ma/aria. 


CD) 


Il. FREETOWN, ano FEVER STATISTICS. 


5. Description of Freetown.—Freetown, the Capital of the British Colony of Sierra 
Leone, is situated approximately in Lat. 8° 30’ N., and Long. 13° 15’ W., on the northern shore 
of a mountainous promontory. Close behind the town there is a semicircle of wooded hills rising 
to a height of 3,000 feet above sea-level ; and the town itself lies mostly on areas of level ground 
between them and the sea. The principal houses are built near the wharfs ; but from here the 
suburbs reach backward between the spurs of the hills. Few houses of the town proper exist on 
the slopes of the hills; but numerous separate villages are found in the higher valleys above. 

The soil of Freetown is derived from 
a red laterite rock ; which lies at little depth, 
and is exposed in many level parts of the 
town, as well as in water-courses, etc. 

The rainy season lasts from May until 


October. The average annual rainfall is 163 


inches, the average humidity 75.0, and the 
aver > a § S - “ E 
average temperature 80.0° F. [paragi aph 6]. 1, Freetown from Mount Aureole, looking westward, Tower 

Hill in the middle distance, and Wilberforce Hill in the 


The city contained 20,022 inhabitants 
y 305033 distance, 


at the last census (1891). The population 
consists mostly of natives (Christians, Mohammedans, Pagans), but there is also a colony of 


Europeans. 


The streets are open spaces between 
the houses, generally fringed with grass, un- 
paved, and undrained, except by roadside 
ditches ; but gutters exist in the best part of 
the town, and occasionally elsewhere. Most 
of the streets are sloped, but a few are almost 
level. 

The houses are built mostly of wood, 
or consist of a superstructure of wood on a 


masonry foundation. They are often two 


stories high, and are generally divided from 


2. Street in Freetown, showing ditch at the side. 


each other by small open yards and gardens, 
in the manner of vi//as. Asa rule the rooms are very small for tropical habitations. 


There is an excellent water-supply brought from the adjacent hills in pipes. 
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Surface and storm-water drainage is carried mostly in the roadside ditches, but mountain 
torrents on their way to the sea occasionally intersect the level areas on which the town is built. 

There is no sewage drainage, nor removal system for night-soil. Deep pits, or rather 
wells, covered by a privy and seat, are employed. It is stated that the old pits are sometimes filled 
up and new ones dug; but so far as we could judge, dry earth is seldom used, except by the 
Europeans and troops, and the system adopted seems to be a natural kind of septic-tank system. 

Wells for drinking-water are not generally in use. 

Horses and wheeled traffic are rare. “Those who do not walk are carried by native bearers 
in “ hammocks.” 

The troops, which belong mostly to the West India and West African regiments, are 
housed much better than the civil population. ‘Their barracks are well-built wooden structures, 
placed on the summits of four hills; namely, on Tower Hill (400 feet), in the middle of the 
town ; on Mount Aureole (800 feet) and Kortright Hill (1,100 feet), to the east of the town ; and 
on Wilberforce Hill (600 feet), some distance to the west of the town [ photograph 1 and Map 1.). 

Civil patients are treated in the large Colonial Hospital, the Incurable Hospitals, Lunatic 
Asylum, etc. Military sick have their own hospitals attached to the several barracks mentioned 
above, : 
Mangrove swamps occur in some of the bays and creeks of the shore. 

Collections of water suitable for the larve of gnats abounded in the town when we were 
there (rainy season). Such collections could be divided into two classes ; namely, (1) collections in 
vessels ; and (2) collections on the ground. ‘The former occurred in tubs, pots, broken bottles, etc., 
in the vicinity of almost all the houses; the latter chiefly in the roadside ditches and holes in 


rock, and, almost exclusively, on areas of level ground. 


6. Statistics—It is usually impossible to obtain from statistics any exact information 
regarding the actual number of infections of hamameebiasis occurring within a given place and 
period. ‘The reasons for this are—(1) that the vast majority of attacks are not recorded ; (2) that 
a large number of attacks which are recorded must be mere relapses, due to infections acquired 
perhaps long previously and in other localities ; and (3) that the microscope is not generally used 
for exact diagnosis. Similarly the mortality returns are apt to be vitiated, because (1) the infection 
has often been acquired elsewhere ; (2) Europeans are frequently invalided when seriously ill ; 
and (3) deaths of cachectics are often ascribed to immediate causes, such as pneumonia and 
dysentery. 

Military returns, though they are sometimes thought to be more trustworthy, are open to 
the same objections. Many soldiers do not come to hospital at all for slight attacks of fever ; 
while others are frequently only “detained” in hospital for brief treatment, without being 
“admitted ”’—that is, entered in the returns. “Thus we were informed of an instance in which 
only one quarter of the cases of fever which came to hospital had been “admitted ” and recorded. 

The absolute figures are therefore not trustworthy ; but, by supposing the ratio of error 
to be always constant, we may derive some useful comparative information regarding the amount 


of fever prevalent in different places, and at different seasons. 
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We will content ourselves by giving a table extracted from the work of Major L. M. 
Wilson, R.A.M.c. [16]. The statistics are based on admissions to hospital among the troops in 


Sierra Leone during seven years (1892-98), and on the meteorological returns of the same period. 


Average monthly Admission rates among the troops, and average monthly Rainfall, Humidity, and 
Temperature in Sierra Leone during seven years (1892-98). 


Average admission rate per 1000, Average Aveiage Average 
sou : Rail = | Hun eee 

Non-European. | European. ° 
January ... he ane 52 (ays .80 70.2 80.8 
February ae wae 47 | 99 .86 68.2 81.0 
March ... ee nis 63 59 1.24 67.7 81.7 
April... ee ‘ise 86 106 4.36 67.3 81.6 
May as hae ia 99 225 14.08 7553 80.3 
June vos ae Ae 128 347 18.62 ofa 79.2 
July ve oe on 171 413 33-34 83.0 78.3 
August... _ | 116 281 38.96 84.0 77-7 
Septem ber na ou gl 173 29.85 82.2 78.8 
October ... sat ies 67 121 14.63 79.1 79.4 
| November Ser aed 72 125 5.41 75.0 80.5 
| December ee roe 64 92 1.26 71.9 80.7 
| Annual wise 1056 2134 163.41 75.0 €0.0 


Judging from these figures Wilson remarks, “The largest number of cases occur in 
the middle of the rainy season.” ‘Though many of the cases recorded in the rains may be 
relapses due to wettings, chills, etc., this can scarcely account for the quadruplication of the 
admissions shown in the table ; and it would therefore appear that the period of fresh infections 
sets in (or at least increases) with the rains, and ceases (or at least diminishes) with them. 

Wilson also thinks that “The white troops suffer more in proportion than the black.” 
He gives the annual average death-rate of the white troops from malarial fever at 42.9 per 
mille, as against 5.9 per mille for the black troops. Similarly, he thinks that “Each battalion 
of the West India Regiment suffers. exceptionally from fever the first year of its service on 
the coast.” Such differences point rather to variations in immunity, than to variations in 
frequency of infection in the groups concerned. 

It is hardly necessary to compare these statistics of Sierra Leone with similar figures 
for many other stations in the empire; but it will be instructive to give some ratios taken 
from the Annual Report of the Sanitary Commissioner with the Government of India for 1897. 

For the whole European Army of India during that year the admissions per mille of 


strength for malarial fever were 420.1; and the deaths per mille were 1.0-—far below the 
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figures for Sierra Leone. But in the most malarious stations the admissions per mille reached 
1500; and the deaths, 6.0, excluding “remittent fever.” 

For the whole Native Army of India the annual admissions per mi//e were 362.8 ; and 
the deaths per mille, 1.7. But in the most malarious stations the admissions reached 2230, 
and the deaths, 6.8 per mille.* 

It is obvious that Sierra Leone is much more malarious than India taken as a whole 
is; though perhaps not much more so than some places in India. 

A study of the Indian statistics shows, moreover, that the admissions for the disease in 
that country have, roughly, the same dependence on rainfall as they have in Sierra Leone— 
that is, of course, not on the total amount of rainfall, but on its seasonal variations. Indeed, 
some of the most malarious military stations in India (Peshawur, Delhi, Lahore, etc.) have a 


small total rainfall. 


* As a rule, natives in India suffer more than Europeans do—at least to judge by statistics. 


ee) 


Il. HEMAMCEBIDZE IN FREETOWN. 


7. The Hemamebide in Intermediary Hosts.— Duggan studied the human parasites 


of Sierra Leone some years ago [17]. He found only Haemomenas precox (with one exception—a 
case of Hemameba vivax). Hamomenas malaria was not observed by him. He says “ Crescents 
were found in varying numbers in most of the cases.” His results are based on the study of 
“about 400 cases.” 

Our own examinations of the blood of patients were made solely with a view to obtaining 
a basis for further researches as to the definitive hosts of the parasites ; and it will be understood 
that we contemplated no morphological or pathological studies. Search was confined almost 
entirely to soldiers, few cases of fever among the civil population being procurable by us for study. 
The barracks at Wilberforce and Tower Hill afforded excellent fields for investigation. It should 
be noted that the men in these barracks belonged to West India regiments—that is, were natives 
of the West Indies who had been serving in Sierra Leone only for a short period. 

The troops at Wilberforce had arrived there some months previously from a very malarious 
part of the colony, and continued to suffer severely from fever. “They numbered about 320 men. 
We were informed that out of these no less than 195 men had come to hospital for fever in one 
month (July) ; although, as most of the men were not ill enough for admission, the “ admission ” 
rate was much lower. We examined the blood of a large number of the men, both in hospital 
and out of it, and estimated that the parasites were to be found in about a quarter of them taken 
at random. ‘The species found were all of those now recognised in most parts of the world. 
H. malarie was the commonest ; but cases of H. vivax and H. precox also abounded, being 
about equal in number. Cases of double infection were frequently observed. The prevalence of 
the disease was at its height at the time of our arrival, although quinine had been and was being 
sedulously given both for treatment and prophylaxis ; and it was evident that such a number of 
cases could not be attributed alone to relapses, but that fresh infections were occurring at-the time. 

At Tower Hill there was much less fever. We attempted no estimate of the number of 
men in whom parasites could be found. Parasites could, however, be easily detected in the 
hospital cases. “They belonged almost exclusively to H. precox ; though two or three cases of 
A, malaria and H, vivax were observed. 

There were very few cases among the troops on Mount Aureole and Kortright Hill. Of 
three cases examined in the hospital on Mount Aureole, one contained H. ma/arie ; another the 


melanin of H. malarié ; while the third was negative on a cursory search. 


—_ 
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The morphology of these Hamamcebide presented no differences from the accepted 
standards. One of us has been inclined to admit two varieties of Hl. vivax, one with fine light 
brown pigment, and one with fine black pigment. Both were observed in Freetown ; but the 
latter only in one case. 

We were much struck by the absence or paucity of crescents (gametocytes) in cases of 
HA. precox. This fact will be discussed later [paragraph 19}. 

We found A. danilewskii of the normal type in a few small birds ; but H. re/icta was not 
seen by us. 

We wished to examine the blood of a large number of the civil population in order to 
estimate the percentage of them in which the parasites are to be detected ; but found such an 


investigation impracticable. 


8. Methods for ascertaining Definitive Hosts.—The long researches of one of us 
in India, followed by those of Koch, Daniels, and the Italian investigators, have given us a very 
exact knowledge of the life-history of the Hamamoebidz in gnats, and have shown us how to detect 
them in the insects with ease and certainty. It has been noted that in inhospitable species of 
gnats the ingested parasites perish within the stomach cavity ; whereas in hospitable species the 
zygotes escape from that cavity and develop in the tissues, ultimately giving rise to blasts which 
are found in the juices and salivary glands of the insect. Hence to incriminate a given species of 
insect with regard to the human Hemameebide, it is necessary only to find the parasites within 
that species. In short, the method to be adopted is precisely that used in ascertaining alternative 
hosts for any other metoxenous parasite, such as Cestodes and Filaride, for instance. Care only 
is required to determine for certain that the parasites found in the gnats were derived from human 
beings, and not from other vertebrates. It is not necessary actually to infect human beings from 
infected gnats, because the general law that infection can be so produced has already been 
sufficiently established. 

Hence a given species of insect is incriminated simply if we succeed in finding the 
parasites— 

(1) in insects bred from the larva and fed on infected persons. 

(2) in any insects fed on infected persons—provided that the zygotes found in the insects 

are of the proper stage of growth ; or 

(3) in a large percentage of insects caught in a chamber where an infected person lives— 

provided that the circumstances exclude the possibility of the insects having become 


infected from other vertebrates. 


9. Definitive Hosts in Freetown. —Our first object being the search for definitive hosts, 
we propose to record our operations in this connection in some detail. 

For the reasons given in paragraph 22, suspicion was already strongly excited against all 
species of gnats of the genus Anopheles ; and, accordingly, we began by searching for these insects. 


‘Two species were found almost at once, under the following circumstances. 
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Dr. Berkeley, medical officer of the Lunatic Asylum at the eastern suburb of Kissy, 
informed us that there had been a small outbreak of fever among the permanent inmates of that 
institution. Three persons had been attacked ; one had died, one had recovered, and one was 
convalescent. He was also good enough to bring us a number of gnats which he had caught 
within the institution. They proved to belong, almost all of them, to Anopheles ; and were of two 
species, one a small species which we have named /. funestus, and the other a larger species called 
A, costalis, Loew. ‘The former were by far the more numerous. [Addendum I., Plate V.] 

The insects brought by Dr. Berkeley were dissected and examined. In one a single 
characteristic zygote containing the melanin of H. vivax was found ; and since the melanin of 
this species is typical of it, it was scarcely open to doubt that the zygote had been derived from 
that human parasite. 

No further positive results, however, were obtained from this locality. No fresh cases of 
fever occurred, while we failed to find parasites in a large number of the Anopheles subsequently 
brought from the asylum. It was, however, interesting to observe these insects in the building. 
Large numbers of the small species were found gorged with blood and seated asleep in their 
characteristic attitude on the walls. “hey were most numerous on the ground floor and in the 
sleeping chamber of the inmates—who were not provided with mosquito nets. Few other gnats 
were present. 

In the meantime our attention had been called to the fever so prevalent among the troops 
at Wilberforce. On searching the barracks and hospital we found a considerable number of the 
large variety of Anopheles, namely, A. castalis, already observed in small numbers at Kissy. As at 
the asylum, they were seen gorged and asleep in their characteristic attitude on the walls of the 
buildings, especially in dark corners, and were easily captured in test-tubes. Some were so 
excessively gorged that they had been evidently willing to fly only to the nearest part of the walls, 
just over the bed-heads of the soldiers on whom they had been feeding ; and those which were 
at once examined were found to contain human blood——or at least blood microscopically indis- 
tinguishable from human blood. 

The men—of whom about twenty slept without nets in each barrack—complained of being 
bitten by these insects at night, but added that they were occasionally annoyed also during the day, 
especially toward evening. It should be added that no other species of gnat were present within 
the barracks. During our stay in Freetown we must have caught or obtained at least two hundred 
gnats from these buildings, but only in a single case—a Cul/ex—did the captures prove to be other 


than 4. costalis. We noted also that there were absolutely no vertebrates other than human beings 


within or in proximity to the barracks. Cattle, dogs, cats, bats, monkeys were absent, while, 


owing to the buildings having been newly erected, there were not even sparrows, lizards, etc. 
The Anopheles caught by us in test-tubes—almost all of them females which had evidently 
gorged themselves on the men during the preceding night—were reserved for microscopical 
examination. They were kept alive for 48 hours or more, until their meal of blood had been so 
far digested or voided as to permit an easy examination of the tissues of the stomach ; and were 


then killed and dissected—the stomach, the thorax, and the salivary glands being especially 
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scrutinized. During our stay, altogether 109 fed female Anopheles caught within the Wilberforce 
Barracks were examined in this manner. 

It has been stated [paragraph 7] that Hemamcebide of all three human species had been 
found in about 25 per cent. of the soldiers at Wilberforce. It was therefore to be expected, if the 
Anopheles caught in the barracks were an hospitable species, that the parasites should be found also 
in a large percentage of these insects. And this proved to be the case. Out of the 109 insects 
examined the parasites were detected in 27. 

The parasites were in all stages of growth; from the very youngest zygotes, evidently 
derived from the last meal made by the host; to the mature zygotes derived from previous meals, 
and the blasts lying in the salivary glands ready to produce fresh infections of human beings. We 
even judged it possible, in some of the dissections, to distinguish the different species of the 
parasites by their morphological characters [paragraph 10]. The following list, giving the serial 
number, and results of examinations of each insect in which the parasites were found (the negative 
insects being omitted) will be instructive :—- 

No. 4. Three nearly mature zygotes. Species unknown. 

», 8. One very small zygote, apparently Hl. malaria, among stomach cells. 
», 12. Eight nearly mature zygotes. Species unknown. 

»» 13. Six mature zygotes. Species unknown. 

»» 14. Four very small zygotes, evidently of H. vivax. 

»» 17. Several mature zygotes, one containing melanin, probably of H. vivax. Also 
empty capsules. Salivary glands loaded with blasts in cells and ducts. 

», 21. Eleven empty capsules (old) attached to stomach. One half-grown zygote. 

Salivary glands packed with blasts within capsule, cells and ducts. 

» 23. Eight very small zygotes of H. malaria. 

» 29. Ten zygotes of H. malaria of 3-4th day. 

9 31. Several large zygotes. 

»» 32. Empty capsules. Blasts in salivary cells and duct. 

»» 43. Three very young zygotes of H. praecox. 

» 56. Four young zygotes of H. vivax. 

» 57+ [wo young zygotes of H. malaria. 

» O61. Several very young zygotes of H. precox. 

»» 62. One medium zygote of H. vivax. 

» 63. Several nearly mature zygotes, probably H. malaria. 

»» 65. Several smallish zygotes of H. malaria, and one very young one of H. vivax. 

» 71. Several medium zygotes of H. malaria. 

»» 76, One empty capsule. A few blasts in one lobe of gland, 

» 79. One medium zygote with dark pigment. 

», 84. Three mature zygotes. 

» 89. One empty capsule. No blasts found (poor dissection). 


9» QI. Six mature zygotes. 
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No. 92. Very numerous large zygotes, probably H. malaria. 

»» 99. Several empty capsules. Numerous blasts in blood, and a few in cells of salivary 

gland—none in ducts. 

5, 108. One nearly mature zygote. 

It is possible that the parasites may have been overlooked in some of the gnats examined. 
That a larger percentage of the gnats should not have been infected, and that more zygotes should 
not have been found in them, was to be expected from the old nature of most of the fever cases 
among the men [paragraph 19], and from the constant use of quinine by the medical officer. 

The facts obtained, however, removed all possibility of doubt as to 4. costalis being 
hospitable to the human parasites ; and it was no longer necessary to undertake formal feeding 
experiments. Indeed the condition of things found in the Wilberforce Barracks amounted to an 
experiment of this kind being performed by nature herself under our eyes. This was the more 
fortunate as we experienced great difficulties in the way of actually feeding gnats on infected 
persons in a satisfactory manner. Nevertheless a few such experiments were performed. 

On the 17th August, five small Anopheles (4. funestus) caught at Kissy, were fed on a case 
containing a few H. malaria, ‘he insects had been naturally fertilized and fed when caught, 
but had been kept for some days until they had digested their meal and had laid their eggs. “They 
were then fed again 7m test-tubes on the case referred to, and were kept for another two days before 
being examined. ‘Two yielded bad dissections, and one died before its meal of blood was digested. 
The fourth was negative. The fifth was dissected on the 19th, and was found to contain three 
very young zygotes with pigment identical with that of Hl. malaria. 

A few days later, one large Anophele (A. costals), also caught by hand and previously 
naturally fertilized, fed, and kept in the same manner as the preceding, was re-fed on the same 
case. “Two days afterwards several young zygotes containing the melanin of H. malarie were 
found in it. 

In both these successful experiments the insects concerned belonged to large batches of 
Anopheles procured from a building where there was no fever ; and numbers of insects of both 
batches had been examined and found free from parasites. Judging from this fact, and from the 
size of the xygotes found, there could be no doubt that the latter had been derived from the case of 
H. malaria. It should be carefully noted, however, that both these insects had evidently been 
fertilized before they had been caught, and had indeed each laid a batch of eggs before the 
experiments. 

The military medical authorities now put a stop to our feeding any gnats, except those bred 
from the larva, on their cases. As it took us some weeks to obtain Anopheles in this manner, and 
as we could then only feed the insects in a very unnatural manner, that is, in tubes, our experi- 
ments in this line were practically arrested. 

Altogether eighteen Anopheles, mostly of the large variety, all of them bred from the larva, 
and some of them bred from the eggs of @nopheles caught at Wilberforce, were applied in test-tubes 
to the skin of patients containing a few H. precox (crescents) and H. malaria, and taking quinine— 


no better cases being available, Being isolated in test-tubes when fed, none of these insects 
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were fertilized, while they could not be induced to feed copiously. All proved negative as regards 
the parasites. As, however, it was already certain that all the insects belonged to hospitable 
species, this result was interesting as tending to show that cu/tivation experiments may fail if not 
performed under natural conditions. “The subject is discussed later [paragraph 20]. 

After our departure, Dr. Fielding-Ould examined numerous Anopheles caught at Wilber- 
force, and in the houses of natives suffering from fever, and found the parasites in 18 %. His 
observations on Culex were negative. 

We made no observations on Cu/ex or other insects. 

We conclude that both Anopheles costalis and Anopheles funestus are hospitable to the human 
Hemameebide. We think that 4. costalis is hospitable to all three of the human species ; and 
A. funestus certainly to H. malaria, and probably to H. vivax. But we made no observations 


regarding the connection of the latter with H. precox. 


10. The Hemameebide in the Definitive Hosts.—The stages of the human parasites 
in Anopheles are essentially the same as those of H. re/icta, first described by one of us in a gnat 
of the Culex pipiens type—a fact already recorded by Koch and the Italian observers. In Plates I., 
II., and III. we give a series of photographs of all these Hamamcebide in the gnat. 

The following small differences between the human species and H, relicta were noted 
Byeuss:—— 

(1.) The capsule of the zygotes of the human species is somewhat thinner ; so that the 
youngest zygotes are more difficult to detect, and sometimes rupture under pressure 
of the cover-glass—a thing which rarely happens in H, re/icta. 

(2.) The mature zygotes seem to contain more blasts than do those of H. relicta. 

(3.) The melanin appears to remain longer in the human species. 

(4.) The blasts are shorter and thicker, and less bent and twisted, than those of H. re/icta— 
but differences in the strengths of the salt solutions used may account for this. 

(5.) In the human species the blasts tend to lie in the salivary cells in bundles, like bundles 
of faggots, and not irregularly like those of Hi. re/icta—at least this was very 
noticeable in two of the gnats, numbers 17 and 99. 

(6.) Owing to the dilatation of the proximal ends of the salivary ducts in Anopheles, the 
blasts can be more easily distinguished within these channels. 

It is important to note that, though elements like those provisionally called “ black spores ” 
by one of us were frequently seen in the Freetown Anopheles, they were never detected within the 
capsule of the zygotes [paragraph 24]. 

The young zygotes of H. vivax were always immediately recognisable by the numerous 
minute granules of light brown melanin which they contained. “The youngest zygotes were, in 
fact, almost identical in appearance with the mature gametocytes in the human blood. As the 
parasites advance in growth, the melanin seems to decrease in quantity and become slightly paler ; 
but it was sometimes still to be found even in the most mature zygotes—which, moreover, were 


of very large size, and contained very numerous blasts. 
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The zygotes of the other two species contained fewer and much darker granules. In the 
youngest ones we considered we could distinguish between the melanin of H. malarie and 
that of H. precox ; the former possessing large and small granules of a dark brown colour, mixed 
together ; the latter possessing only large black granules. 

Our studies were not sufficiently exhaustive to enable us to speak regarding other differ- 
ences noted by the Italian observers. Nor had we time to examine cytological details—a 
thing to be regretted, because the Romanowsky method does not seem to have yet been correctly 
applied to the study of the nuclear changes in the zygotes. We easily noted, however, the 
structures first described in H. re/icta ; namely, the alveolar, vacuolated appearance of the zygotes; 
the denser chromatoid granules ; the division of the parasites into 8—12 meres, giving rise to 
spherical blastophores carrying blasts in a manner recalling spermatogenesis ; and the minute 
spherical enlargements often attached to the immature blasts. We observed also that in the 
human species, as (to a less degree) in H. re/icta, zygotes which are little more than half grown, 
often contain apparently mature blasts. 

In several insects many full-sized zygotes appeared not to have ripened—that is, did not 


contain blasts ; although others containing blasts were found associated with them. 


Cs 


IV. BIONOMICS OF THE CULICIDZ IN FREETOWN. 


11. Differences between Culex and Anopheles.—Our next duty was to study the 
habits of the inculpated Anopheles with reference to the prevention of gnat-fever. We propose to 
give our bionomical observations here,* and to reserve a description of the insects themselves for 
the Addenda. 

In view of the particular connection which seems to exist between Anopheles and gnat- 
fever, it is important to possess information sufficiently simple to enable anyone to distinguish 
between them and the common gnats of genus Culex. Such points of difference have already 
been recorded by one of us as the result of his observations in India [14] ; and we were able to 
assure ourselves that the same differences hold also in Freetown, 

(1). Adults—The principal zoological dis- 
tinction between Anopheles and Culex is that the 
palpi of the female are long in the former and short : 
in the latter. But this is of little assistance to those 
who are not entomologists, and who may not know 
what the palpi are. Fortunately there is a more l | 
striking difference-—one which can be perceived by 
anyone at a glance—in the attitude adopted by the 
respective insects when seated on a wall. In 


. ; 3. Anopheles and Culex. 
Anopheles the axis of the body is almost vertical to 


the wall; in Culex it is parallel to the wall. Popularly put, the /nopheles may be said to stand 
on its head, with the point of its tail projecting outward ; while the tail of Cu/ex points downward, 
or even a little toward the wall. 

Another noteworthy point of difference is the general shape of the body. In Anopheles the 
head and thorax are comparatively small, while the long palpi are held in contact with the 
proboscis. This gives the insect a peculiarly elegant fusiform shape-—like that of a humming-bird 
moth ; while the proboscis looks like a long thick beak. On the other hand, Cu/ex has a thick 
ungainly thorax, and a thin bare proboscis. In short, the appearance of Anopheles suggests that it 


can fly further and more rapidly than Culex, 


Thirdly, the wings of Anopheles are generally spotted along the anterior edge (to use popular 


: * It should be clearly understood that our remarks apply only to our own observations, We cannot answer for facts 
in other localities. 
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language), while those of Culex are generally plain. There are exceptions to both these 
statements ; but the rule holds good in Freetown, and also, according to the observations of one of 
us, in India. 

The eggs of Anopheles have a peculiar boat-like shape, while those of Culex are oval or 
lanceolar. 

(2.) Larve.—Here too, very fortunately, there is a marked difference. The trachee of 
Culex terminate in a long buoy-like breathing tube which projects, sometimes to a great length, 
above the tail fins. On the other hand, the trachez of Anopheles merely terminate just above the 
tail fins, in two apertures which are nearly flush with the back. 

Apparently owing to these facts, the attitude also of the larve of the two genera is 
different : those of Culex, when at rest, hang suspended head downwards by the attachment of 
their breathing tube to the surface of the water; those of Anopheles float flat on the surface like 
sticks. 

When disturbed, Culex larve immediately leave the surface and wriggle to the bottom of 
the water, floating up again a few moments afterwards by the buoyancy of their air-tube. The 
movements of Anopheles larvee are quite different. “They move on the surface of the water with a 
few peculiar backward jerks, followed by a pause; and sink to the bottom only when much 
molested. 

Lastly, Culex larve live mostly in artificial collections of water, while Anopheles larve 


prefer xatura/ collections—a point, however, which requires special consideration. 


12. Breeding Places of Culex.—In Freetown, as in all collections of houses, there are 
to be found in the vicinity of human dwellings innumerable tubs, pots, shards, etc., in which a 
little rain water or household slop water collects. In almost all such in Freetown—-tubs, pots, 
buckets, cisterns, empty oil-tins, biscuit-tins, sardine-tins, gourds, flower-pots, broken pottery, 
crockery, and bottles, even in unbroken bottles thrown uncorked on heaps of refuse—we found 
Culex larve. ‘The only condition necessary to their existence appeared to be an ounce or more of 
water preserved from desiccation or leakage. Occasionally, also, the larvee were found in hollows 
in rocks, pools by the side of roads, and even in small runnels of water. Very numerous larve of 
a gnat of the C. teniatus type were observed in hollows in rocks on the top of Signal Hill (400 
feet), near the Signal Station (occupied) ; also some of the same larvae, in a hole in rock hundreds 
of yards from human habitations. 

Similar facts have been always observed by one of us in India. Drains, ditches, and small 
ponds must be added to the haunts of Culex larve ; but, as a rule, vessels of water near houses 
appear to be their favourite habitations. 


13. Breeding Places of Anopheles.—We made a very elaborate search in Freetown 
for Anopheles larve. Every part of the town shown in a map which was given to us was carefully 


examined ; and wherever a breeding place of Anopheles was observed it was entered on the map 


[Map IL]. 


babies 
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We recorded the following observations :— 

(1.) Anopheles larvee were never found in vessels of water, except in a single instance—a tub. 

(2.) A mangrove swamp fringing a part of the coast (Aberdeen Creek), far from human 
habitations, contained no larve, although there were numerous fresh-water pools on the edge of 
the dry land. Small fish abounded in the swamp. 

(3.) Part of a large swamp below Wilberforce Hill, and also one at Kissy, was examincd 
by ourselves, assisted by several natives. Water lay to the depth of an inch or two between 
clumps of grass, on a basis of flat rocks. Habitations were distant. No larvae found. 

(4.) Owing to the hilly nature of Freetown there are not many ponds or large pools. Such 
as there are contained no larve—although in several of them there were no fish. 

(5.) Rapid streams contained no larvae. 

(6.) Pools left drying after rain in watercourses, or other positions liable to scouring by 
heavy rain, seldom contained larve—at least at the season when we were at Freetown. 

(7.) Shallow puddles of rain-water, apt to dry up between the showers, seldom contained 
larve. 

(8.) Puddles which lasted from shower to shower, but which were not liable to be scoured 
out by heavy rain, generally contained them. 

(9.) Pools on soil or rock fed by water oozing from the ground, and small slow runnels of 
water amongst herbage, usually contained large numbers of larve—unless liable to scouring. 

Altogether we counted within the 
area of the map about one hundred prin- 
cipal pools containing Anopheles larve. 

Generally speaking, we found the 
larvae in small permanent pools not liable to 


scouring. We did not find them in vesse/s, 
evanescent pools, pools liable to scouring, large 


collections of water, and running streams. 
It would appear, then, that the 
larve require certain conditions, namely, 


security from (1) desiccation, (2) scouring. 


To these should perhaps be added (3) 
security from small fish. 4. A large Anopheles pool in roadside ditch. 

As may be surmised, then, Anapheles pools were not found on shping ground——where puddles 
either dry up very quickly or are apt to be scoured out by heavy showers. On the other hand 
they were frequently found on /evel ground. We did not find them on the hills surrounding 
Freetown (though they were probably present in a few places) ; we did find them frequently in 
the flattest and lowest parts of the town. 

‘The majority of the Anopheles pools were found in the ditches by the side of roads and in 
certain localities where many small streamlets ooze from the bases of the hills after rain. Others 


existed in the course of the newly-made railway. Few were observed in the yards and gardens of 
houses. 
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Most of them contained 
green water-weeds, and many 
tadpoles and frogs ; but none 
contained fish. 

In size they varied from 
a few square inches in area to 
several square yards. 

It is important to note 
that in no case did we find 
Anopheles \arvz in pools which, 
though otherwise suitable for 
them, were distant from human 
habitations. We must add, 


however, that we did not ex- 


amine many such, except in 


5. Large Anopheles 1 produced by railway embankme 
5 ge Anoph pool produced by railway embankment. the swamps referred to above. 


In considering these facts it is necessary to remember two things. Fzrst, Freetown is a 
hilly place with a low subsoil water—circumstances which limit the number of surface puddles of 
all kinds, and especially of permanent stagnant puddles. Secondly, when we carried on these 
investigations it was the height of the rains ; that is, heavy showers usually fell several times a day. 
This, in a hilly country, must act in opposite ways as regards surface pools. It constantly 
replenishes all these pools, but at the same time it constantly scours out those which exist in 
watercourses and on sloped surfaces. A different state of things may prevail as the showers 
become less frequent toward the end of the rains ; the smaller puddles will then tend to dry up 
between the showers, while those formerly subject to scouring may now cease to be so, and may 
become habitable for Anopheles larvee. Thus we thought it likely that after the rains they may be 
found in the numerous pools which will then be left in the beds of the drying-up watercourses— 
where, during the rains, they would be swept away. 

Hence it is not advisable to generalize 
too much from these observations, regarding 
either the frequency of Anopheles puddles in other 
places, or even in Freetown at other seasons. 
In some places the puddles must be more nume- 
rous; in others less numerous; while in Free- 
town itself their number and position probably 


change from season to season. 


14. Distribution of Anopheles in 
Freetown. Owing to difficulties in the way of 


catching gnats in private houses, we could not 


6. Collection of small Anopheles pools, 


make exhaustive studies of the distribution of the 


adults in various parts of the town, The following facts, however, were observed ;— 
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(1.) 4. castalis was found all over the low-lying areas examined by us. ‘That is, the larva 
which yielded this species were found in all these areas; though it was much more difficult to 
obtain the adults. “Phe adults were most numerous in the Wilberforce Barracks (600 feet) ; but 
were also obtained in other parts of the town, as far east as the suburb of Kissy. No adults were 
ever seen in the barracks and officers’ quarters on ‘Tower Hill (400 feet) ; although there were 
numerous breeding-pools only 500 yards to windward. None were found in the barracks on 
Mount Aureole (goo feet) ; although pools lay all round the base of the hill. 

(2.) A. funestus was restricted entirely to the eastern part of the town; we never found a 
larva nor an adult of this species west of Government House. Not one was seen in Wilberforce 
Barracks, where 4. castalis was so common. Individuals were caught in a house in the town 
where some cases of fever had occurred; at Leicester, a village high among the hills; and at 
some other points. ‘The larvae were common in pools in the eastern quarters, at Kissy, and other 
spots. 

It is curious that while only the large species occurred at Wilberforce, it was almost 


entirely the small species which was found at Kissy. 


15. Bionomics of Anopheles Larve.._We made the following observations : 

(1.) Eggs.—These are boat-shaped, like those of Anopheles observed in India. “Chey appear 
to be laid singly on water ; but cohere by their ends, forming typical triangular patterns ; and also 
adhere to floating objects, the sides of the vessel, etc. We observed no facts indicating that they 
are ever laid on solid surfaces. In vitro they take about 24 hours to hatch; but the period is 
probably much shorter in puddles. 

(2.) Duration of larval stage—"Vhis depends on temperature and amount of food, Under 
natural conditions it may probably be only three or four days ; but under unfavourable conditions 
(cold, overcrowding, absence of food) it may certainly extend to wecks.* ‘There are reasons for 
thinking that development is much hastened by bright weather, in order to enable the imago to 
hatch out before desiccation of the containing puddle. 

(3.) Food.—The larve were frequently watched floating on the surface and feeding on 
filaments of water-weed--amongst which they often entangle themselves. On dissection, the 
intestine was found crammed with these filaments. It was observed that im vitro the larvae 
scarcely grow in size unless they are given large quantities of water-weed—which they dispose of 
very rapidly. On the other hand, larve were often caught in puddles in which no green 
vegetation could be seen. “Chey may eat other food, but it would seem as if water-weeds 
constitute their favourite diet. It was also noted that they obtain shelter among these weeds from 
the current running through the pools during or after rain, 

(4.) Enemies.—No observations could be made under this head ; but we often found many 
frogs and tadpoles in the breeding-pools, apparently living at peace with the larve, 


(5.) Effects of desiccation During most of our stay in Freetown heavy showers fell several 


One of us kept Culex larvee alive for two months in a bottle in the cold weather in India. 
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times a day, so that the larva could live secure from desiccation in all but the most evanescent 
puddles. In September, however, there was a complete break in the rains, lasting three days. A 
large number of the pools, even many of those containing water-weed, and those fed by springs 
during rain, dried up completely. The question whether the larva had the power of living in 
the mud at the bottom of the pools could now be tested by direct observation, “Vhe break in the 
rains was followed by heavy showers, which immediately refilled all the puddles. Had the larve 
continued to exist in the mud, they would now have emerged again. As regards the puddles in 
which the mud had completely dried, this was not the case. No larve at all were found in them 
for at least two days after the rain had refilled them. After that interval larve again appeared ; 
but they were very small ones, evidently just hatched from the egg. On the other hand, it was 
frequently observed that if the mud did not become completely dry, the larvae would emerge into 
active existence after another shower. ‘These observations were supported by some experiments 
in vitro ; and we therefore conclude that the larve can withstand partial, though not complete, 
desiccation.* 

(6.) The same puddles constantly osccupied—We have suggested [paragraph 13] that the 
position of the breeding pools may change according to the seasons; but while we were in 
Freetown there was no change of season, and we generally found Anopheles larvee in the same 
puddles—namely, in those which were suitable for them, Thus, of two puddles lying close 
together, one would never contain larve, and the other would always contain them. ‘The 
explanation of this probably is that the larve perish in the unsuitable pools, or that the adults 
generally return to the same pools in order to lay their eggs. It seems likely that the adults 
generally lay their eggs in the pools in which they themselves were bred ; and that the insects 
thus learn by experience the places most suitable for them. 

(7.) Detection. It is easy to overlook Anopheles larve unless they are searched for in a 
bright light. 

(8.) Pupe. ~The pupe of Anopheles seem to be smaller than those of the commoner 
species of Culex. “hey require about 48 hours to reach maturity im vitro ; perhaps less in natural 


conditions. 


16. Bionomics of Adult Anopheles. (1.) Hatching.—The adults generally hatch out 
in the evening; but their exit seems often to depend on the meteorological conditions of the 
moment, and appears to be delayed by rainy and windy weather. 

(2.) Food.—-Vhey can easily be kept alive in glass cages, test-tubes, bottles, etc. We kept 
some in this manner for a fortnight, and could doubtless have kept them longer if we had wished 
to do so. We were able to confirm Bancroft’s statement [18] that gnats feed on bananas; but 
they seem to prefer the fresh fruit. During the day the insects remained at rest on the walls of 
the cage; but in the evening began to fly about and to walk over the fruit, plunging their 


proboscis into it in many places, so that the banana was sometimes covered with the gnats, both 


* One of us reared adults from full-grown larvae kept on damp blotting-paper (in India) ; but found that the young larve 


died when kept under these conditions, 
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male and female. “Vhey also drink water frequently, and can often be seen to be distended with 
the fluid. Raw meat was offered to them, but they could not be observed to touch it. Earth 
placed at the bottom of the cage seems to be suitable for them. 

According to the accounts of the soldiers at Wilberforce, they bite almost entirely in the 
evening and night, but have been known to feed on men during the day. “Vhey can certainly be 
fed on men artificially during the daytime, simply by placing them in test-tubes and then applying 
the mouth of the tube to the skin. ‘he stomach can be observed to become distended in from 
one to two minutes or more; after which the insect continues to suck, but commences to 
evacuate by the anus serum containing a small percentage of red corpuscles. Culex voids only a 
clear fluid under the same circumstances. “The insects sometimes continue sucking like leeches 
for five or ten minutes, voiding blood all the while; but at other times soon withdraw the 
proboscis and then try another spot. It was noted, however, that Anopheles fed in this manner, 
even after they had remained sucking for five or ten minutes, never showed any great distension 
of the abdomen ; while the contents of the stomach still remained for some time transparent and 
red as seen through the scales of the living insect. Moreover, in these cases the meal was 
generally digested or voided within about 24 hours. 

On the other hand, Anopheles which had fed themselves under natural conditions generally 
presented a very different appearance. “They were enormously distended ; while the contents of 
the stomach were thick, opaque, and black, and sometimes did not disappear for three days. “he 
only inference is that, under natural conditions, the insects which can manage to do so gorge 
themselves over and over again during the night—probably from the same subject. 

(3.) Propagation We also observed that while naturally-fed gnats invariably laid eggs 
after two or three days, those which had been bred from the larve in captivity, and had then been 
isolated and fed in test-tubes, zever did so, although before being isolated they had long been in 
company with males. “The inference is that fertilization takes place only after the female has 
been fed. 

We noted also that, in a cage where many male and female gnats, both Cu/ex and 
Anopheles, were kept together for weeks, eggs were never laid-—although the insects were fed as 
described on bananas, and the cage contained water for them to lay their eggs in. It seems, then, 
that a meal of blood is necessary before fertilization. 

Lastly, we observed that previously fed and fertilized insects would lay a second batch of 
eggs after a second meal of blood, without a second fertilization ; but never laid a second batch of 
eggs without a second meal of blood. “That is, one fertilization suffices for several batches of eggs, 
but one meal of blood for only one batch of eggs. 

These observations are wholly in accord with the results of the prolonged study of many 
kinds of gnats made in India by one of us; and it therefore seems likely that the following law is 
likely to hold good for the Cudicide which feed on men—at least for the commoner species : 

Although these gnats can live indefinitely on fruit and perhaps juices of plants, the female 
requires a meal of blood, both for fertilization and for the development of her ova. In other words, 


the insects need blood for the propagation of their species. 
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Blood was never found in male Cudicide in Freetown—according with the general law. 

(4.) Haunts—The large majority of Anopheles caught by us in dwellings were females 
which were generally much gorged, and, if fed at all, were invariably fertilized ; in other words, 
the males and unfed, or only slightly fed, females did not generally remain in the houses during 
the daytime, or if they did remain, kept in the roofs or other dark places where they were little 
observed. On the whole, we think that only those females which are so gorged that they cannot 
fly far remain in the houses during the day. We observed that if a cage full of Anopheles was 
disturbed in the daytime, the insects always struggled toward the light as if to fly out from the 
windows ; and several which escaped from the cages actually did so. On one occasion a large 
number escaped from their cage during the night in the rooms occupied by one of us—none of 
them could be seen next morning. 

Yet we may be quite sure that both the males and the unfed females haunt the houses 
during the night. “The invariably fertilized condition of the gorged females caught in the houses 
shows that the males must be present in the houses when the females feed—since the latter are 
often so much distended after feeding that they are obviously unwilling to fly even a few feet from 
the bed of their victim; in other words, fertilization must take place within the houses. “The 
unfed females must, of course, resort to human habitations during the night in order to obtain their 
food at all. 

These facts would seem to indicate that in Freetown, in the rainy season, the Anopheles 
resort to the houses during the night, but that all except the gorged females live elsewhere during 
the daytime—possibly sleep in the trees and shrubs. ‘The point is of interest as tending to show 
that large numbers of Anopheles may be present in a dwelling during the night, without it being 
easy to find them during the day. 

It should, however, be added, that in India males and unfed females were often found in 
the houses in large numbers by one of us. Possibly different species have different habits in 
this respect. 


Several old residents of the country informed us that gnats are usually very prevalent in the 


presence of much vegetation—especially long grass and undergrowth. Though it is difficult to see 
how such can favour the larvae, we can understand that much vegetation can shelter the adults of 
certain species, which may even feed on particular kinds of plants when they cannot obtain blood, 
and may consequently find it easier to live where these plants afford them both food and shelter 
than elsewhere. It must also be remembered that gnats can certainly bite birds and other 
mammalia besides man; and that such are apt to congregate where there is much vegetation. 
On the whole, then, there is nothing improbable in the idea that the Freetown Anopheles should 
live outside the houses in the daytime. 

(5.) Proximity of breeding-pools to houses.Vhe gorged females are, as we observed, always 
fertilized, and must therefore probably lay their eggs a few days later or perish. We often noticed 
that gravid females kept in dry test-tubes made no attempt to lay eggs unless a drop of water was 
put in—in which case they often deposited their eggs almost at once in the fluid. These 


observations suggest the conclusion that the females must return to water a few days after each 
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meal of blood. As Anopheles larvae were not found in vessels of water close to houses, the only 
inference which remains seems to be that the pregnant females must return, not to amy water, but 
to some pool suitable for her offspring. If such a pool exists close to the house where she obtained 
her meal of blood, her journey need only be a short one ; but if it be at a distance, she must fly 
correspondingly far—and may often be obliged to do so against the wind, or through heavy rain, 
or between trees. 

It is therefore highly probable that, unless they can find animals and birds to feed on, 
Anopheles must seek their food in houses which are as near as possible to their breeding-pools, and 
also, vice versa, select pools for their eggs which are as near as possible to the places where they 
obtain their food. In other words, they are not likely to neglect adjacent houses and pools in 
order to visit more distant ones. Of course many individuals must go astray—must be carried 
away by winds and so on; but it seems reasonable to expect that, as a rule, the breeding-pools and 
feeding-grounds will be as close together as possible. 

Where necessity compels, however, it is probable that Anzpheles do travel considerable 
distances to and fro. “This must especially be the case during the dry season, when the pools must 
be much more rare—unless we can show that at that time the surviving adults cease to feed at all 
and “ hibernate.” 

It is noteworthy that in the “Tower Hill barracks we never found Anopheles, although there 
were numerous breeding-pools at a distance of only 500 yards, both to leeward and windward. 
The barracks are situate on a hill only 400 feet above the sea, and are surrounded by open grass, 
over which the insects could fly or be carried by the wind; though it should be added that 
occupied houses intervene between the pools and the barracks. Perhaps the insects are all 
attracted by these houses. “vhe same thing was observed regarding the barracks on Mount 
Aureole. 

The question as to the maximum distance possible between a house and a breeding-pool 
is an important one, but difficult to reply to. “Phe distance will probably depend largely on local 
conditions, prevalent winds, screens of trees, presence of other animals, etc. We must remember 
that while wind may assist the insects going one way, it may equally oppose their return. On 
the whole it appears difhcult to imagine that this maximum distance can be very great—more 
than half a mile, for instance; and certainly we never found Anopheles larvae except in much 
closer proximity to houses. 

Certainly gnats can visit ships lying fairly close to the shore. Dr. Wigglesworth was kind 
enough to give us some gnats which he had caught on board the S.S. Fantee, on the West Coast 
of Africa; and one of these was an Anopheles. But it must be remembered that insects blown 
across water are likely to travel much further than on shore—-where hills, trees, and houses 
intervene to afford them rest and shelter. 

If large numbers of Anopheles are found really far from human habitations, it will be not 
unreasonable to suppose that they can procure other besides human food. Anopheles are known to 
feed on horses and cattle, and may possibly bite other mammals, birds, and even reptiles. But it 
must be remembered that, in towns and villages at least, men are generally the commonest 


vertebrates present, 
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Owing to their habit of breeding in the vessels of water which generally abound near 
houses, the pregnant females of Cu/ex need not fly so far to find water suitable for their eggs. It 
is possibly owing to this fact that, to judge by their more clumsy shape, they are less adapted for 
prolonged flight than Anopheles. 

(7.) Not attracted by lamps.—It is often thought that gnats are attracted by lamps and 
candles, and perish in them. “hey may be attracted to houses by lights burning in the windows ; 
but we have never seen them hovering round the flames as moths and other insects do. “They 
seem to bite less readily when there is a light in the room. 

(8.) Act of puncture-—On applying Anopheles in test-tubes to the skin we observed that the 
insects would sometimes make puncture after puncture without drawing any blood. In such cases 
however, each puncture was invariably followed by the usual weal—showing that the insect 
always commences work by injecting some of its saliva. It therefore follows that an Anopheles may 
inject some of its saliva (possibly containing the blasts of the Hamamoebidz) almost instantaneously 

that is, before the victim feels the irritation and drives the insect away. 

It is certain that one can be bitten without knowing it—-especially during sleep. “hus one 
often finds gorged gnats within the mosquito netting in the morning—without having been at all 
conscious of their bites during sleep; and it is therefore probable that those who sleep without 
nets may be much bitten without appreciating the fact. Even the weals often disappear in an 
hour or two ; so that not even the marks of the punctures need necessarily remain until next day. 

One of us thinks that much less irritation is caused if the insect is allowed to suck its fill, 
and has frequently observed the fact on his own person, ‘This may be due to much of the 
irritating saliva having been sucked back during haustellation. 

From several accounts it would appear that Anopheles hover over their victim less than Culex 
do, and consequently do not attract his attention so much by humming. 

People often imagine that gnats will not bite them ; but it seems to us impossible to accept 
such statements without sufficient experimental proof. What is more likely to be the case is that 
some persons do not much feel the punctures. “The skin of some persons is not very sensitive ; 
and it is moreover possible that immunity may be acquired against the irritation of the injected 
saliva. “Thus persons who have recently arrived in the tropics are well known to suffer more than 
old residents. ‘This does not necessarily mean that the latter are less frequently bitten,’ but, 


possibly, only that they have become comparatively inured to the irritation.* 


17. Bionomical Questions still requiring Investigation.—The facts about gnats 
hitherto collected by no means exhaust the subject. We will indicate some of the more important 
questions which we found it impossible to deal with. 

(1.) Life in the dry season—Between the rainy seasons many places in the tropics are 
extremely arid and free from pools suitable for Anopheles larvee. How then do the insects manage 


to continue the species from one rainy season to the other? We may assume (1) that the larve 


* It is however possible that the body may in the course of time produce some substance offensive to the insects, just as it 


may produce substances offensive to micro-organisms, 
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may continue to exist in such pools as do remain, the insects multiplying enormously after the first 
showers; or (2) that the eggs may lie dormant in mud ; or (3) that the adults may “ hibernate,” 
‘or at least live on without feeding on blood at all, and consequently laying no eggs. We cannot 
pretend to give an answer to this question. In Italy it appears that the adults hibernate through 
the winter. One of us made an observation tending to show that the eggs can withstand 
desiccation for several months ; but this requires confirmation. ‘lhe subject appears to be of great 
importance in connection with the prevention of gnat-fever [paragraph 28]. 

(2.) Other subjects—It is necessary also to examine how far Anopheles do or do not exist 
apart from human dwellings; whether they can breed in other collections of water than those 
mentioned above, as, for instance, in rain-water collected in leaves ; whether they really have any 
connection with rank vegetation ; how far they can spread from their breeding pools, how far they 
feed on animals, and so on. 

We must again emphasize the fact that our remarks as to the bionomics of these insects are 
drawn only from our experiences within a limited area of Freetown [Zap //.] in the months of 
August and September. We can make no statements regarding their habits, or the habits of other 


species of Anopheles, outside this limited area, or at other seasons. 


18. Source of the Wilberforce Anopheles.—<As an instance of the difficulties which 
may be met with, we may mention that, in spite of repeated efforts, we never succeeded in 
finding the source of the /. costalis which were so prevalent in the barracks at Wilberforce. “These 
barracks are situated on a ridge 600 feet above sea level, and are surrounded by native houses and 
gardens, and by much rank vegetation. The ground slopes on either side down to the plains. 
Far below to the west (that is, to windward during the rains) there are a marsh and a mangrove 
swamp. 

We searched in vain every spot likely to harbour Anopheles larve ; and even examined the 
distant marsh and mangrove swamp without positive results. After our departure Dr. Fielding- 
Ould and Captain Smith, R.a.M.c., continued the search—equally in vain, except that they found 
larvae in pools 1,500 yards away [Addendum I1.]. 

It was often observed, however, that the /nopheles frequented two or three of the barracks 
in preference to the other buildings, and that these barracks were at the end of the block of houses. 
At the same time, the insects were common in the houses of the officers, who lived at that time in 
the village. “These facts suggest that their source existed near these buildings, and not at any 
great distance, and that it was probably overlooked owing to the thick vegetation present. It 
seems very unlikely that such numbers of the insects could come from breeding pools in the 
.marshes which lie thousands of yards away in the plain below. 

The fact that so many of them were caught for examination seemed materially to affect 
their numbers ; but we noted that newly-arrived insects invaded the barracks on one, if not more, 


occasions, 


(26 ) 


V. DISCUSSIONS. 


19. Questions regarding the Parasites.—Having recorded our observations in Free- 
town, we propose next to consider some questions of importance in connection with our subject. 

The life-history of the Hamamoebidz as now known, and as given in the terminology 
previously adopted by one of us in consultation with Professor Herdman [15], is as follows 
[Plates I., I1., IL, IV.] -— 

The youngest parasites exist as amabule or myxopods within the red_blood-corpuscles 
of the vertebrate hosts. On reaching maturity they become either sporocytes, or gametocytes. 

The sporocytes are destined for the asexual propagation of the organisms within the 
vertebrate hosts. They give rise by division to spores; which escape into the plasma, enter 
fresh corpuscles, and in their turn become amoebule—thus continuing the species indefinitely 
in the blood. 

The gametocytes, however, are sexual forms, male and female—the male containing 
a number of microgametes ; the female, one macrogamete. "They remain unchanged within the 
vertebrate hosts; but on being drawn into the stomach of a suctorial insect, perform their 
sexual function. The male gametocyte emits its microgametes ; one of which enters a macro- 
gamete and fertilizes it. The fertilized macrogamete is called a zygote. 

If the suctorial insect be a species hospitable to the parasite, the zygote next escapes 
from the contents of the stomach, pierces the wall of the organ, and affixes itself in or on 
the outer coat. Here it grows largely in bulk, Its substance divides into from about eight 
to twelve meres. Each mere becomes a d/astophore bearing a large number of filamentous 
blasts affixed to its surface by one extremity. As growth advances the blastophores disappear, 
leaving the capsule of the zygote packed with the blasts, The capsule now ruptures, allowing 
the blasts to escape into the body-cavity of the insect. From this they work their way into 
the insect’s salivary gland; and finally pass from this gland into the blood of a new vertebrate 
host, in which they eventually become the amcebule with which the cycle commenced. 

As to terminology—it will be perceived that we use the word “spore” for the asexually- 
produced progeny of the parasites, and the word “blast” for their sexually-produced progeny. 
Originally, however, neither word possesses such restricted meanings: a “spore” is a single cell: 
capable of separating from the parent and of starting by itself a new bion or individual ; while 
“blast” simply means a bud. Considering, however, that the recent demonstration of typical 
sexual functions among the Coccidiida and Hamameoebide originates the new case of such 


functions (apart from simple conjugation) among unicellular animals, it may be now justifiable 
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to employ these terms as indicated. We may admit that, strictly speaking, the blasts are also 
spores, while the spores are, in a sense, also blasts; but it will certainly be convenient in the 
present case to app/y the word spore only to the asexually-produced progeny, and the word 
blast only to the sexually-produced progeny. 

Obviously the zygote is the homologue of a fertilized ovum; and the blasts are homo- 
logues of the cells which spring from the fertilized ovum, and which construct the tissues of 
multicellular organisms. Only, in this case the blasts give rise, not to a cluster of cells, but 
to a cluster of distinct unicellular animals—by a kind of polyembryony in fact. Hence the 
use of the word “blast” for the progeny of the zygote appears to derive sanction from the homo- 
logous use of the same word in embryology. The word “zygote” seems to be acquiring the 
restricted meaning of the result of union of two similar gametes; we use it as often applied, 
namely, to express the result of union of any two gametes. 

Of course other terminologies may be preferred by some. Professor Ray Lankester has 
recently been kind enough to suggest terms, which bear the weight of his authority and may 
be liked by many. He suggests “androspore” and “gynospore” for microgamete and 
macrogamete respectively—terms certainly much more definite ; “ gametospore” for zygote ; 
“nomospore”” for the asexually-produced spore ; ‘oudeterospore” for any spore which is not 


’ or “ gametoblasts,” or even simply 


differentiated so as to be male or female ; and “ gametoklasts’ 
“ filiform young,” for the blasts. 

Manson was the first to interpret rightly the ascertained facts about the sexual propagation 
of the parasites, and his views have been adopted by other writers ; but he has attempted no 


pt 


terminology. Grassi and Dionisi use “ gamete,” “ microgametogene ” (for microgametocyte), 
and zygote [19]. ‘The term gamete had been previously applied by Schaudinn and Siedlecki to 
the case of some of the Coccidiide, The Italian observers also use the word “ sporozooids ” 
for the blasts. 

Koch employs simply “spermatozoon” for microgamete [11]. The zygotes he calls 
“spherical bodies (Kugelférmige Gebilde)” ; the meres, “secondary spheres”; and the blasts, 
“ sickle-shaped bodies (Sickelkeime).” 

The terms “ sporozooid ” and “ sickle-shaped body ” suggest somewhat doubtful analogies 
with the Coccidiide, The former term, moreover, is not very intelligible—sporozooids being, in 
fact, spores ; while the so-called spores of the sporozoa are really often sporocysts. Compare also 
Mesnil [20]. 

The simple expressions ovum and sperm may be preferred by many to macrogamete and 
microgamete. Professor Harvey Gibson suggests “ oosperm ”’—that is, the combined ovum and 
sperm—for zygote. The word “zooid” has been suggested in the place of blast ; but zooid has 
the acquired meaning of a motile cell, and we do not yet know that the blasts are motile. 

A biological point of some interest requires reference. Several writers seem to assume that 
the zygote in the gnat is the same individual organism as the female gametocyte in the vertebrate 
host—that it is, in short, the fertilized female parasite. This idea receives some support from the 


fact that the zygote contains the melanin of the gametocyte. On consideration, however, it 
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seems much more likely that the life of the individual gametocytes, both male and female, ceases 
with the sexual function in the cavity of the insect’s stomach, and that at that moment the life of a 
new bion—the zygote—begins. The gametocyte and the macrogamete are not identical. The 
former contains the latter. Perhaps this fact is best indicated by the presence of those minute 
spherical appendages, which have long been observed in connection with the parasites after they 
escape from the enclosing corpuscle, and which Professor Herdman suggests may be the 
homologues of polar bodies. ‘Thus the female gametocyte really contains several cells, only one of 
which, however, reaches full development as a macrogamete. Similarly the male gametocyte 
also contains several cells, only one of which becomes mature and gives rise to the microgametes. 
Hence it is not the female gametocyte, but the progeny of the female gametocyte, which is 
fertilized, and this fertilized progeny constitutes a new individual, which passes its existence in 
the tissues of the gnat. “That the macrogamete retains a portion of the tissues (containing the 
melanin) of its parent gametocyte is not inconsistent with biological laws ; but it should be noted 
that, according to Mac Callum, the zygote of one avian species of the Haemamoebidz actually does 
discard the melanin of the parent gametocyte. 

Hence it would seem that the Hamamcebidz are organisms which exhibit the phenomenon 
of “alternation of generations.” Their full life-cycle consists of two stages—one passed principally 
in the vertebrate host ; the other entirely in the insect host. 

Mannaberg’s idea that two or more amoebule in one corpuscle conjugate, has found support 
from the observations of one of us in connection with H. re/icta. It seems possible that the 
gametocytes are produced by such conjugation. At any rate, it is difficult to understand what else 
but conjugation can happen to two or more amoebulz in this position. 

It is very noteworthy that, while Europeans who come from the West Coast of Africa 
suffering from gnat-fever often contain large numbers of crescents, these bodies could scarcely be 
found at all in Freetown. ‘This experience tallies with the observation of one of us in very 
malarious districts in India [21]. It would seem that gametocytes cease to be produced, at least in 
large numbers, when an infection has lasted a long time—as for instance more than six months or 
a year. ‘This may be explained on the supposition that the number of parasites tends to diminish 
as a case advances, owing to gradual production of partial individual immunity, and that it is 
therefore rare to find two amoebule in one corpuscle in old infections. Of course, in very 
malarious localities the majority of cases are old infections ; whereas patients who resort to the 
Tropical Ward in Liverpool are generally comparatively recent cases [22]. 

We have used the taxonomical nomenclature previously suggested by one of us [15]. It 
is as follows (inclusive only of the parasites of men and birds) :— 

Family: Hamamapip#, Wasielewski. 

Genus I. Hemameba, Grassi and Feletti. “The mature gametocytes are similar in form 

to the mature sporocytes before the spores have been differentiated. 

Species 1: Haemameba danilewskii, Grassi and Feletti. Syn.: Laverania danilewskii, 

Grassi and Feletti, in part; Ha/teridium danilewskii, Labbé; etc. Several 


varieties—possibly distinct species. Parasite of pigeons, jays, crows, etc. 


Whips. 
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Species 2: Hemameba relicta, Grassi and Feletti. Syn. : Hemameeba relicta + H. sub- 
precox + FT, subimmaculata, Grassi and Feletti ; Proteosoma grassii, Labbe ; 
etc. Parasite of sparrows, larks, etc. 

Species 3: Hemameba malaria, Grassi and Feletti. Syn. : Hemameba  laverani, 
Labbé, in part. Parasite of quartan fever of man. 

Species 4: Hemameba vivax, Grassi and Feletti. Syn.: Hemamaba laverani, Labbe, 
in part. ~Parasite of tertian fever of man, 

Genus II]. Hemomenas, gen. nov. Syn.: Laverania, in part + Hemameba, in part, 
Grassi and Feletti. “The gametocytes have a special form (crescentic). 

Species: Hemomenas praecox, Grassi and Feletti. Syn.: Hemameba pracox + H. 
immaculata + Laverania malarie, Grassi and Feletti; MHemameba 
laverani, Labbe, in part; etc. Several varieties—possibly distinct species. 
Parasite of the irregular, remittent, pernicious or zstivo-autumnal fever of 
man. 

The gametocytes of H. danilewskii are crescentic, but they are still shaped like the 
sporocytes (which are also crescentic)—the shape of both being simply determined by the 
exigencies of space within the corpuscle. “There appears, then, to be no sufficient reason for 
separating this species from the others of genus Hemamaba, in which the gametocytes and 
sporocytes have the same shape. On the other hand, Hemomenas precox is sharply distinguished 
by the gametocytes having a peculiar form of their own. Much confusion has been caused by 
the belief of Grassi and Feletti, who first named these organisms with precision, that the 
gametocytes of HY. precox are a separate species, akin to H. danilewskii—-both being placed by 
them in a separate genus, Laverania. ‘This belief they have now abandoned ; and it therefore 
seems necessary also to abandon the genus Laverania, Several observers recognise more than one 
species in genus Hemomenas—namely, a tertian, a quotidian, and possibly an unpigmented 
quotidian parasite ; but, pending further research, we have accepted only one species—H. precox. 

The different prevalence of the three human species at different but contiguous spots 
(as at Wilberforce and Tower Hill), is hardly consistent with the idea that they are merely 


interchangeable forms of one species of parasite. 


20. Cause of Occasional Failures in Direct Cultivation.—We have noted 
[paragraph 9| that a number of Anopheles fed in test-tubes on cases of hamameebiasis, and not 
fertilized, failed to show parasites; while two Anopheles which were fed in the same manner 
but which were previously fertilized, did contain them, In this case the failure may be attributed 
to the fact that the patients contained but few parasites and were taking quinine ; but previously 
one of us, in association with Dr. Daniels, obtained negative results with a considerable number 
of Anopheles fed in test-tubes on two excellent cases of crescents in Calcutta. ‘The Italian 
observers also note similar failures in gnats known to be hospitable to the parasites. What is the 


cause ! 
Grassi attributes it to immunity in certain individual gnats. “This can scarcely be the 
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true cause, or at least the whole cause—because it sometimes happened in the Indian experiments 
that out of a large batch of Culex (according to Giles, C. fatigans [23]) fed on birds with 
H. relicta, every insect would become infected—or almost every insect. It is scarcely likely that 
the eighteen insects we refer to in paragraph 9 were all immune, while 25 of Anopheles of the 
same species caught at Wilberforce contained parasites. 

The explanation which suggests itself is that something was omitted in the experiments, 
which is present under natural conditions, and which is essential to the cultivation of the 
parasites. What this is we cannot say for certain ; but it is noteworthy that all the successful 
experiments made by one of us in India, without exception, were made with insects fed in 
mosquito-nets in the presence of males; while his negative experiments with various species of 
Anopheles fed on human subjects were nearly all made with females isolated in test-tubes, 
and therefore not fertilized. 

Paragraph 16 will suggest the reason why fertilization should affect the question. The 
ingested blood is really required for the nutrition of the eggs. If the ova are not fertilized the 
blood cannot be much needed by the insect, and is possibly evacuated without some digestive 
process which perhaps is necessary to the vitality of the zygotes. We know that very subtle 
differences influence the vitality of the zygotes, because otherwise they would not perish in some 
species of gnats and live in others. 

The point requires careful study, because until it is elucidated negative experiments 
cannot be entirely relied on, 

The Indian experiments have shown that there is considerable variation in the number 
of zygotes found in gnats fed even on the same subject at the same time. ‘This variation 
must depend on differences in the quantity of blood ingested by different individuals ; and 
also possibly on some differences of quality in their digestive juices. But, at the same time, it 
was demonstrated that few individuals of a hospitable species entirely escape infection if fed 


in a natural manner. 


21. Known Facts about Malaria Explained.—Caution must always be used before 
accepting popular theories regarding the diffusion of disease; but it is remarkable that many 
such ideas respecting malaria are explained and justified by the discovery that the disease is 
carried by Anopheles. We will briefly indicate the principal points. 

(1.) Malaria is endemic.—Anopheles are more numerous at some spots than at others, 
and are entirely absent from many places. 

(2.) Swampy ground favours malaria.—Anopheles breed in surface puddles. 

(3.) Level ground favours malaria.—Pools suitable for Anopheles must be more common 
on level than on sloping ground, ¢.g., on plains and in valleys, than on mountain sides. 

(4.) Rain favours malaria.—Anopheles pools largely depend on rainfall. 

(5.) Malaria is connected with decaying rock.—Anopheles may breed in hollows in rocks. 

(6.) Malaria often occurs when the soil is disturbed—Digging must often result in the 


formation of puddles suitable for Anopheles. 
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(7.) Embankments favour malaria.— They also favour the formation of surface puddles, 

(8.) Towns are inimical to malaria.—Stagnant surface puddles are not likely to be as 
numerous in crowded, well-drained cities, as in rural areas. 

(9.) Cultivation and surface drainage tend to remove malaria.—They also tend to remove 
waste water suitable for Anopheles and lying on the ground. 

(10.) Malaria is not particularly connected with large bodies of water.—Gnats do not often 
breed in such, 

(11.) Malaria occurs on ships.-Gnats, including Anopheles, visit ships. 

(12.) It is particularly dangerous to sleep in malarious places, especially at night.—Gnats easily 
bite sleeping persons, and usually feed at night. 

(13.) Ground floors are most dangerous.—Gnats seem to remain near the ground. 

(14.) Mosquito-nets protect from malaria.—TVhey protect also from gnats. 

(15.) Warmth favours malaria. —lIt favours also gnats, and the Hamamoebide within them. 

In the remarkable work [1] which seems to be the first published exposition of the gnat- 
theory of malaria, King suggested many of these striking analogies—and indeed based his theory 
on them. Laveran, Manson, Bignami, and others have also independently entertained the same 
ideas—which may well occur to anyone who considers the subject at all. But it is now necessary 
to make an important correction in these views. King—and indeed other observers—seems to 
have thought that all gnats rise from swamps. A close student of the bionomics of gnats, 
however, might have almost shattered the whole argument at the outset by remarking that many 
of the commonest gnats do not rise from swamps at all, but from tubs, pots, etc., in the vicinity of 
houses ; and are indeed most prevalent in the heart of large cities and in other places where there 
is little or no malaria. It is clear, then, that King’s arguments can apply only to certain species of 
Culicidz, namely, those which breed only in pools on the ground. 

King also employs other analogies which seem to be less sound. Accepting the popular 
views, he considers that both malaria and gnats can be blown long distances, as to the summits of 
hills. It is probable that in many such cases the gnats really breed close at hand; though the 
observer, under the influence of the popular superstition, prefers to think that his malaria comes 
from the nearest marsh, although that marsh may be miles distant. King also suggests that white 
men are more susceptible than black men, because gnats can see the former more easily. As a 
matter of fact, it is always observed that gnats prefer to settle on dark surfaces; while the 
susceptibility of white men is more probably due to comparative absence of immunity than to 


more frequent infection. 


22. Are other Insects besides Anopheles hospitable to the Human Hzma- 
moebidz ? —Returning to the subject just touched upon, it will be readily perceived that out of 
the fifteen analogies given in the last paragraph, no less than nine (the first nine) can apply only 
to insects which breed in pools of water on the ground. For instance, they will not apply to 
species of gnats which usually breed in vessels of water. Such gnats cannot be said to have a 


localized distribution, because they are to be found in the neighbourhood of almost every dwelling 
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in the tropics. They have no particular connection with swampy ground, level ground, or 
decaying rock. ‘They are not particularly encouraged by rain, by digging, or by embankments. 
They are not removed by cultivation or surface drainage ; while they swarm in cities. Hence 
we may almost venture to aver that if pot-breeding gnats could carry malarial fever, almost all the 
phenomena of the distribution of the disease would be different from what they are known to be. 
That is, the disease would be most prevalent in cities ; would have no particular connection with 
marshes and level ground, or decaying rock, or rain, excavations, or embankments ; and would 
certainly not be removable by surface drainage. In short, it would certainly be present where it 
is not present, and absent where it is not absent. 

It will be seen from Section IV. that these considerations would seem to exculpate a large 
number of species of Cu/ex which frequently, if not always, breed in vessels of water. 

‘They would also exclude most other suctorial insects, such as fleas, bugs, lice, etc. 


They would not, however, exclude other suctorial insects which, like Anopheles, breed 


exclusively or almost exclusively in pools of water. It is impossible, without more study, to say. 


how many such insects exist. Certainly some species, even of Cu/ex, can often breed in pools 
of water. 

The Indian observations with “ grey mosquitoes” (Culex pipiens type) and “ brindled 
mosquitoes” (Culex teniatus type) all proved negative with the human parasite—with the doubtful 
exception of one individual. “The experiments were very numerous, and the feeding was done 
under natural conditions in mosquito nets [paragraph 20}. 

The Italian observers record negative results with Italian Culex. 

Koch, however, thinks that Cu/ex may possibly be involved [11]. 

On the other hand, some nine species of Anopheles, existing in widely separate parts of the 
world, have already been incriminated. 

To sum up, while it seems improbable, or indeed very improbable, that the common pot- 
breeding species of Culex are involved, it is scarcely safe as yet to exculpate the genus entirely. 
Observations regarding other gnats and insects which breed in puddles are still required. But on 
the whole it appears more probable that only gnats of the genus Anopheles are concerned in the 


propagation of human malaria. 


23. Are other Vertebrates besides Man hospitable to the Human Hemame- 
bidz ?—-Dionisi records [24] that the two species of parasites found by him in bats are 
morphologically very similar to H. precox and H. malarie ; and Koch says [11] that the parasite 
found by him in monkeys is like Hl. vivax. These parasites may perhaps be identical with the 
human species. 

The parasites of birds can scarcely be communicable to man, being too dissimilar to the 
human ones. Exhaustive search in the blood of other mammals besides bats and monkeys is still 
required. In many places dogs are popularly supposed to get malarial fever. 

The Indian experiments showed that H. relicta of sparrows can be conveyed by C. fatigans 


to crows and weaver-birds, Reasoning from analogy, then, we may suppose that the human 
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parasites may infect other animals, and the converse, through Anopheles ; and it will be noted that 
monkeys and bats, in which parasites like the human ones have been found, are closely allied to 
man. But while no strong argument can be adduced against this view, not much can be said for 
it. In fact the only thing which we can find in its favour is the popular notion that malarial fever 


can be acquired in uninhabited localities—a notion which we will presently discuss. 


24. Is the Life-History of the Hamameebide fully known ?—According to the 
known facts, malarial fever is communicated from sick to healthy persons by the bite of Anopheles. 
But a very important question remains. Is this the only way in which the disease can be 
propagated ; or do the parasites possess some other cycle of existence, and, perhaps, some other 
mode of entry into man ? 

Nature is so full of potentialities that we can scarcely ever venture to say absolutely, at 
least with regard to any of the lowest forms of life, that we know all their life-history ; but when 
one life-cycle is known, we are not justified in believing that there may or must be another, unless 
there are grounds for this belief. “he lower forms of life, like the higher ones, cannot have an 
unlimited number of life-cycles. The life-cycle of the Hamameoebide as already known is 
complex enough—are we to suppose that they possess others? If they can live freely in air and 
water ; if they can enter man by the respiratory or digestive tracts; even if they can pass, not 
only from the gnat to man, but also indefinitely from gnat to gnat, they must possess different 
phases adapted to these modes of existence and transference, and their whole life-history must be 
complex indeed. They must possess not only the known phase which adapts them for life in the 
gnat, but other phases which adapt them for life in the soil or water—which enable them to rise 
in the air and pierce the epithelium of our respiratory passages, and soon. When we consider 
the amount of variation in structure and function which this would entail, we can scarcely be 
blamed for refusing to believe in other life-cycles without good evidence. 

Is there any evidence which will lead us to suppose that there is or may be another 
cycle? First, is there any evidence to be drawn from our knowledge of the disease, malarial 
fever? Secondly, is there any evidence to be drawn from our knowledge regarding the parasites 
themselves ? 

It is often stated that malarial fever exists where there are no gnats; and that persons 
become infected without being bitten by gnats. Were cases of this kind to be substantiated, 
they would certainly prove the existence of other modes of infection, either by other suctorial 
insects, or by some quite different route. But what value can we attach to popular statements 
of this kind? A perusal of paragraph 16 will suggest how easy it may be for Anopheles to 
be overlooked—especially by persons who do not make an express search for them. Moreover, 
when we remember that a large number of cases of fever occurring anywhere are re/apses, and that 
Anopheles may be present only at certain seasons, we must hesitate still more in accepting such 
statements ; while the known fact that persons can be bitten without observing it discredits 
the other notion. We do not say that all such statements are absolutely untrue ; but we are 


scarcely justified in accepting them until cases have been established by competent observers. 
iE 
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On the other hand, it is impossible to consider the matter given in paragraph 21 without 
feeling that the gnat-theory suffices to explain almost all the better-established laws regarding 
malaria—its connection with the soil, with stagnant water, with rainfall, with rural areas, and 
so on. In short, there seems to be no longer any necessity for believing that the parasites live 
at all in the air or soil of infected localities. The facts on which we formerly founded our 
belief that they did so are now otherwise explained by the origin of Anopheles from surface- 
puddles. The facts were sound enough; our interpretation of them was wrong. Malarial 
fever is connected with the soil, with stagnant water, and so on, as we supposed it is; but 
it is not, as we thought, the germ itself which springs from the soil—but the carrier of the germ. 

It is impossible to avoid seeing how completely this fact in the bionomics of Anopheles 
subverts the arguments in favour of the view that the pathogenetic organisms themselves have a 
telluric or paludal origin. 

The idea that the parasites can originate in the soil, and thence pass into gnats, and 
from gnats to man, is opposed to all parasitological, analogy. On the other hand, that they 
can pass alternately between men and gnats is merely an instance of a very common law 
among parasites. 

The fact that malarial fever is communicable from the sick to the healthy has certainly 
been a surprising one. We thought that it is not communicable because we observed that 
communication does not occur outside endemic areas; while within endemic areas we attributed 
to an endemic poison infections which were really due to communication from the sick. By 
endemic (malarious) areas, we now understand simply areas which are infected by the com- 
municating agent (Anopheles). 

Of course the parasite itself, as well as both the hosts, must be present in an endemic 
area. Once present, however, there is no reason why it should not remain indefinitely so long 
as both the hosts remain. 

So far, then, all the known facts about the prevalence of the disease seem to be easily 
explicable by the bionomics of the parasites and of Anopheles ; but we now come to the 
consideration of the one popular theory which is not so readily explained—we mean the notion 
that malarial fever may be acquired in uninhabited places. 

Asa rule man lives in the society of man. Hence the vast majority of infections must 
take place in inhabited places—in places where previous cases of malarial fever have existed 
perhaps from time immemorial. Even during the most detached moments men are seldom 
quite solitary. Pioneers, explorers, missionaries, travellers, sportsmen, are usually accompanied by 
trains of servants and carriers; in order to reach uninhabited places they have to pass through 
native towns and villages; have to live long perhaps ‘in native houses, and in settled camps 
surrounded by their followers. Ships on which malarial fever breaks out have not as a rule 
touched at uninhabited spots on the malarious coast, but at towns and ports where trade is carried 
on—and may have been visited by infected coolies, or even by infected gnats, from the shore. 
In all such instances, cases of fresh infection may be simply explained by communication from 


previously infected men-—at least the possibility of this can seldom be excluded, Even in the 
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very rare case of complete solitaries, attacks of fever may perhaps often be attributed to relapses 
due to a long previous infection acquired in the haunts of men. 

Travellers and sportsmen sometimes attribute their fever to having passed through a 
particular uninhabited but “deadly ” spot. Such cases are generally questionable. On enquiry 
it is often found that the fever has commenced the very day, or the day after, the traveller has 
arrived at the place he refers to; so that the necessary phenomenon of an incubation period is 


wanting! A case is on record where a family of healthy natives were found living in one of the 


’ 


“ deadliest spots” in India [25] ; and we were’ informed that some persons who escaped from the 
Benin massacre, and lived several days in the reputedly deadly jungles, escaped without fever. 
It is certainly often possible to explain outbreaks of fever, attributed to such localities, by previous 
infection acquired by the suffering party in rest-houses and native villages ew route. 

If a healthy person could be carried to an“uninhabited but reputedly ‘ malarious” spot in 
a balloon, and should then acquire the disease, we should be forced to admit the possibility of 
infection in such places. Failing this, it is at least open to doubt whether autochthonous malaria 
does in fact exist in uninhabited localities at all. 

Even assuming it does so, however, the fact would be explicable without the assistance of 
another life-cycle of the parasites, on the ground that /nopheles may possibly convey the infection 
from wild animals [paragraph 23]. For instance, both monkeys and bats are often found in 
large numbers in forests reputed to be malarious. 

Failing even this, if it can be shown that autochthonous malaria does exist in uninhabited 
places, the fact would be more readily explained on the hypothesis that the Hamamoebide can 
pass from gnat to gnat, than on any other. And this leads to the second question given above. 
Is there any evidence to be drawn from our knowledge regarding the parasites themselves in 
favour of the view that they possess another life-cycle ? 

The Indian observations showed that in many of the zygotes of H. relicta found in 
C. fatigans, certain large, black, sausage-shaped bodies occurred. ‘hese were provisionally called 
by one of us “ black spores.” They occurred not only in the zygotes, but in other parts of the 
gnat ; facts which he at first explained on the assumption that they are produced within the 
zygotes, are liberated on the rupture of these, and are then distributed by the insect’s circulation 
throughout its tissues in a manner similar to the way in which the blasts are distributed. Later, 
however, he observed in gnats which were not infected with Hamameebidz at all, bodies which 
were very similar to these black spores, but which showed evidences of fission in the manner of 
the fission fungi, and indeed of growth entirely independent of the Hamamcebide. Consequently 
he at once modified his statements about these bodies [21], and suggested that, though he 
could not say for certain what they are, they may be some parasitic organisms in gnats which 
have the power also of invading the zygotes of the Hemameebide. He at first thought that they 
might be meant for infecting the larve of gnats, and indeed made some negative experiments in 
this connection, but later abandoned all hypothesis on the subject pending further researches. 
Since then the “black spores” have been found by other observers, who also have failed in 


elucidating their nature. In Freetown we noted bodies very like them in a few Anopheles ; but 
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these bodies were never seen within the zygotes, while they often occurred, mixed with what 
looked like segments of a fungus, within the sheath of certain muscle-fibres (¢.g., of the stomach), 
and indeed appeared to have no relation at all with the Hemameebide. 

If these bodies are indeed forms of the parasites, they will certainly suggest another life- 
cycle. In this case they will probably infect larva, for the purpose of continuing the species from 
gnat to gnat. The probability of one of them ever reaching man’s digestive or respiratory tracts 
must be so remote that we can scarcely imagine that they are provided for this purpose. In the 
meantime it remains to be proved that they have any connection with the parasites at all. 

It should also be noted that many full-grown zygotes do not contain blasts,—a fact which 
suggests that they may be set apart for some other purpose. At the same time they may merely 
be zygotes which for some reason have not been able to ripen as early as the rest. 

The method of diffusion of the disease by inoculation through the proboscis of gnats 
is so perfect a one that, now we are acquainted with it, it seems difficult to imagine the 
existence of any other—such, for instance, as the clumsy methods which in our ignorance we 
formerly imputed to nature. In the transference of the parasites from man to man by gnats, 
there is an economy which would not have existed had nature sown the organisms broadcast 
through the soil or air, on the chance of one of them occasionally infecting a human being. 

To sum up, then—there appears at present to be no strong evidence, based on our 
knowledge either of the disease or of the parasites, in favour of the view that the latter possess 
any other life-cycle besides the one which is already known. On the other hand, the fact 
that malarial fever is communicated from sick to healthy persons by Anopheles seems sufficient 


to explain all the well-established laws regarding the prevalence and diffusion of the disease. 


(Cy) 


VI. PREVENTION. 


25. Measures Indicated.—It is a well-known fact that malaria has been often eradicated 
from certain localities by cultivation and drainage of the soil. Hence we are justified in saying 
that the possibility of prevention has been demonstrated in some cases by experience. But 
cultivation and drainage are generally large and costly measures, and are often impossible. We 
propose now to examine whether the new observations regarding the propagation of the disease 
can suggest any cheaper, more precise, or more effective means of prevention. 

Since the disease is certainly conveyed by Anopheles, it is obvious—whether this be the 
only mode of propagation or not—that measures taken against these insects in any locality 
must assuredly be at least beneficial, even if they do not result in the entire extirpation of 
the malady in that place. 

King long ago pointed out [1] that if malarial fever be produced by gnats, prevention 
of the disease will consist in precautions against their bites by mosquito-nettings, window screens, 
and inunctions of the skin; and in measures for the exclusion or destruction of the insects, 
such as screens of trees, smoke, fires and lights (in which he supposed they destroy themselves), 
and the draining of swamps and pools. Similar ideas have occurred independently to other 
observers who have considered the gnat-theory. Nuttall gives [12] a summary of measures 
against gnats recommended by various writers such as draining or dumping the pools, or 
flushing them ; or agitating the water by wheels turned by wind-mills ; or the introduction of 
small fish; or by the introduction of gnat-eating birds and dragon flies; or by the use of 
fires, “lamp-traps,” and so on, of inunctions to the skin, and of various “culicicides,” such as 
kerosene oil; or by the plantation of water-absorbing trees. Celli and Casagrandi have recently 
reconsidered the subject, and have recorded a number of valuable experiments with various 
culicicides [26]. 

It will be observed that these measures can be resolved into two classes, namely :— 

(1.) Precautions against the bites of gnats. 
(2.) Measures for reducing their numbers. 

Of course, if malarial fever be communicated only by the bite of gnats, as there is now 
every reason to suppose [paragraph 24], these measures will include the entire prophylaxis against 
the disease. If there be also some other method of propagation, other methods of prevention—the 
nature of which we cannot now indicate—will also be called for. 

Note also that we refer only to the prevention of infection, not to the prevention of the 
recurrences of fever, which often occur in a patient years after the primary infection, and which 


are not connected with the original infective causes at all. 
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26. Precautions against the Bites of Gnats.—We shall content ourselves with 
recording a few practical remarks in this connection. 

(1.) Numerous substances have been vaunted as being efficient “ culicifuges,” such as oil 
of lavender, eucalyptus, kerosene oil, etc. [12]. It is scarcely advisable to trust to any of them 
until their value has been demonstrated by experiment. Even if an effective culicifuge exists, 
it is hardly to be expected that many persons in malarious localities will use it constantly. 

(2.) Lights in a bedroom tend to prevent gnats from biting—not by attracting them, as 
many suppose ; but more probably by alarming them. ‘They seem to prefer darkness for feeding. 
Many species of gnats bite voraciously during the daytime, even in verandahs and under trees. 
These are generally gnats of the C. teniatus type. 

(3.) In India, natives certainly seem more prone to infection than Europeans. This 
may be partly attributed to their wearing less clothing and not generally sleeping in mosquito- 
nets. It should be observed, however, that natives of India (and, we believe, negroes) generally 
sleep with a sheet drawn over their heads, for the express purpose of keeping off gnats ; and the 
method is undoubtedly partially effective. 

(4.) Some writers imagine that the darkness of the skin of the coloured races is a preventive 
against gnats. As a matter of fact, it will be generally observed that gnats settle on dark surfaces, 
and are probably attracted by dark skins, instinct telling them that they are likely to find their 
food there. 

(5.) In India it is universally recognised that fans and punkahs keep away gnats to a large 
extent. “hus many persons dispense with nets and sleep only under punkahs—a questionable 
practice in the presence of Anopheles, because, unless the punkah swings rapidly just over the 
body, gnats are not much deterred by it. 

(6.) Mosquito-nets must be entirely free from holes, because gnats find their way through 
the smallest aperture. “They should also have a doubling or valance just above the surface of the 
bed, in order to protect the hands, feet, and knees of the sleeper when thrust against the net during 
sleep. If the weather is hot the net should not be dispensed with, but a punkah may be employed 
over it. The top of the net should be made of gauze. ‘Tent-shaped nets are hot and close 
because they fall in folds. A rectangular net, tightly stretched inside a wooden framework, and 
carefully tucked under the mattress, is much better. The net should never be allowed to fall to 
the floor. Unless care is taken while getting into bed, gnats frequently enter with the occupant. 
Mosquito-nets are often used in so stupid a manner that, instead of excluding gnats, they include 
them—gnats which have previously entered being allowed to remain within the net for days. 

(7.) Screens to windows are little employed. They would probably be very effective 
indeed. They should be made of fine wire with a fairly large mesh, and should be fixed 
immovably if possible, because gnats find their way in and out of windows at all times of the day. 
They are often employed in America. 

(8.) Some persons have such a dislike to being bitten that they are constantly on the watch 
for “ mosquitoes,” and drive them away or kill them whenever possible, Such certainly escape 
much more than those who are indifferent to the insects, or those who think they are immune 


against them. 
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While it is never possible entirely to avoid being bitten, careful persons can certainly avoid 
being bitten to a very large extent by the use of some of the measures indicated above ; and 
evidently the less one is bitten the smaller are the chances of infection. Indeed it is probable that 
the general neglect of these precautions by a community largely enhances its sick-rate. “Thus in 
India the natives seldom employ either the punkahs or the mosquito-nets which are so generally 
used by the well-to-do whites; and are certainly much more subject to fever. ‘The poorer 
Europeans, also, frequently neglect these necessities ; and also appear to suffer more than the 
richer people. We were much struck by the fact that in Sierra Leone both nets and punkahs 
were seldom employed—or if nets were used, they were not used effectively ; and we have heard 
that they are similarly neglected in many other places on the West Coast. It is not at all 
unlikely that this fact will partly account for the fever-rate on the West Coast being so largely in 
excess of what it is in India. 

That this is not an exaggeration will be more readily perceived by those who possess actual 
experience of life in different tropical localities. In some, where nets and punkahs are not 
generally used, our lives at the mercy of these insects—it is impossible to sleep, eat, read, or even 
in some cases to stand still, without being bitten by them. In others, such for instance as the 
large Indian cities and cantonments, where punkahs are kept going all day and nets are jealously 
used during sleep, one often lives for several days without suffering a single bite. The risk of 
being bitten—and consequently, in malarious localities, of infection—must therefore be greatly 
diminished by these precautions. Assuming that the risk is diminished to one-fourth—and this is 
scarcely too much—we may calculate that the fever-rate will be correspondingly reduced by 
three-quarters. Prophylactic measures which promise anything like so much are certainly not to 
be despised. 

Nets and punkahs, then, should always be employed in malarious countries by persons who 
can afford them. 

Screens of wire-gauze to the windows seem to be especially indicated in public buildings 
such as barracks, hospitals, jails, and asylums. In such buildings there are usually large wards in 
which a number of persons sleep together. Here—as for instance in the Wilberforce barracks 
[paragraphs 7, 9|—the Anopheles, if they are present, simply carry the infection uncontrolled from 
one to the other of the inmates, until finally a large number become infected. Screens would 
limit both the ingress of the insects, and also their egress for the purpose of laying their eggs. 
Thus few insects would gain admission, while those that do would probably soon perish 
[paragraph 16]. 

Lastly, medical men must always remember that patients with gametocytes in their blood 
are infective where Anopheles exist, and must be jealously “protected from bites in the interests of 
other occupants of the same or neighbouring houses. 

It will be observed, however, that precautions against the bites of gnats, while feasible to 
intelligent and well-to-do persons, are scarcely likely to be employed by the mass of the population, 
at least in malarious areas outside Europe and America. Other measures are required for 


the prevention of gnat-fever on a large scale. 
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27. Operations for Reducing the Numbers of Anopheles.—Such operations will be 

divided into :— 
(1.) Destruction of adults or larvae. 
(2.) Measures to prevent the insects breeding. 

Where the larvz cannot be found—as at Wilberforce—destruction of the adults can be 
resorted to. The gorged females, that is, the insects which are particularly liable to be dangerous, 
can often be killed while seated asleep in the daytime on the walls of a house. The same thing 
may be done on ships ; and it is quite possible that many infections may be prevented in this 
manner. Native servants become very expert at the work. But, of course, such a measure 
will not be possible on a large scale. 

The most vulnerable point in the history of gnats is when they are larve ; they can then 
be destroyed wholesale. In the case of larve in vessels, it suffices simply to pour out the water 
on the ground ; but it is more difficult to deal with larve in pools, drains, cisterns, wells, streams, 
drinking fountains, and rice-fields, etc. Even here, however, very simple measures may often 
suffice. 

Thus small puddles can be brushed out with a broom, the larvae dying on desiccation if 
the operation be done in dry weather. We judged that in Freetown 80 °/, of the puddles could 
be treated in this manner with little labour. 

Other pools can often be evacuated, or filled up with earth by means of a few strokes of 
the spade. The former, however, may be impossible in perfectly level country. 

Where these simple measures are impracticable recourse may be had to “ culicicides.” ‘The 
most popular of these is Aerosene oi/ (paraffin). We found that this can be most easily applied by 
means of a rag fixed on a stick. In this manner a number of puddles can be “ painted” in a few 
minutes at the cost of but little oil ; but enough oil must be used to make a fairly permanent film. 
Aaron states that for five dollars sufficient oil can be purchased to make five applications to 
100 acres of water [12]. Strachan recommends o/ve oi/ mixed with a very small proportion of 
turpentine, especially for cisterns of drinking water [27]. Nuttall quotes writers as saying that 
copperas, and even rusty iron, are culicicides ; certainly larve are not commonly found in iron 
vessels, except when water runs into them—as from a tap. Numerous other culicicides are 
suggested by the work of Celli and Casagrandi [26]. 

It is obvious that by these means we can destroy a large number of larvae at any time ; 
and it is even possible that by repeatedly dealing with every pool in a given locality we may 
ultimately be able to exterminate, or almost exterminate, the insects in that locality. But there is 
one serious difficulty. Such operations carried out on a large scale will require constant care, 
involving a great deal of trouble and some expense ; while untrustworthy agents will be very 
likely to neglect their work. ‘This will especially be the case if the Anopheles pools are very 
numerous. It will therefore be generally preferable to deal with the insects by preventing them 
breeding altogether. 


Two ways of doing this suggest themselves— 
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(1.) The whole of the area of operations must be carefully dealt with by draining away or 
filling up every collection of water which is found to harbour Anopheles larve at 
any time. 

(2.) Some cheap culicicide which will have the effect of rendering the pools permanently 
uninhabitable for the larva must be employed. 

The first will be an engineering work, the details of which need not be considered by us. 

Its cost will obviously depend on the number of pools existing in the locality of operations, and on 
the natural difficulties in the way of draining them or filling them with earth. 

The second measure will depend on the discovery of the substance which will have the 
effect required. It must be some cheap solid substance which kills larvae without injuring higher 
animals, and which, when sprinkled on depressions in the ground, will render the pools which form 
there uninhabitable for the larve for a long time—say for months or longer. Such a substance 
has yet to be found by proper experiments ; but we may suggest tar and /ime as being possibly 
suitable. 

When placed in water, tar constantly gives off a film like that produced by kerosene oil, 
but more permanent. Judging from Dr. Fielding-Ould’s experiments [Addendum II.], it would 
seem to destroy larva in a more effective manner than oil does ; but it remains to be seen how 
long its effects will last. 

Lime is suggested by a paper by Grellet [28], of which we have seen only a review. Dr. 
Grellet gives instances to show that this substance is inimical to malaria ; and cites particularly 


the example of Chatillon-sur-Loing 


g, where malaria is said to have disappeared as the result of an 


extensive application of lime to the soil for agricultural purposes. As it could scarcely have acted 
otherwise than by rendering surface pools uninhabitable for Anopheles larvee, we may surmise that 
lime may be a substance such as we require. 

The fact that Anopheles do not exist in many localities where suitable pools must be 
present, suggests that the soil there contains constituents which are inimical to the larvze ; and it 
is at least probable that something like the required culicicide actually exists. If it be found, we 
may possess a very practicable mode of eradicating the insects from areas which we elect for 
operations. 

In conclusion, there can be little doubt that we may often be able largely to reduce the 
number of Anopheles in some localities by these measures. If we may assume—as it seems we 
may—that the malariousness of a locality depends ceteris paribus on the number of Anopheles 
present in it, this would mean that these measures may often enable us largely to improve the 


health of certain places. 


28. Under what Conditions do Operations against Anopheles promise to be 
most Successful ?—It will, however, be at once apparent that the practicability of employing 
these measures in any given locality must depend on two factors, namely, (1) the number of 
Anopheles pools present, and (2) the feasibility of attacking the pools. 


Judging from the careful study of the question which we made in Freetown, we 


F 
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unanimously came to the conclusion that these operations, if scrupulously prosecuted, promised to 
be successful in that town, The pools—at least during the time when we were there, the 
height of the rainy season—were not very numerous; and could easily be attacked, at but little 
cost, by any of the measures indicated above. ‘That is, we judged that either if the larve were 
persistently destroyed, or if the pools were carefully obliterated, the insects might be very largely 
reduced, if not almost exterminated, in the area studied by us [paragraph 13, Map I1.}. It is of 
course impossible to speak with absolute certainty on the point until the experiment has actually 
been tried ; but from all indications we thought this conclusion was a reasonable one. 

But even if the operations ultimately prove to be successful in Freetown, it does not follow 
that they will be equally successful elsewhere. “The conditions obtaining in Freetown do not 
obtain everywhere ; and we have already pointed out that, owing to the hilly nature of Freetown, 
the pools there are both limited in number and are easy to drain [paragraph 13]. On the other 
hand, the large rainfall in Freetown (163 inches) is favourable to the formation and permanence 
of puddles in that place. 

Judging from our observations, the number of Anapheles puddles in any given locality at 
any one time is likely to depend upon a number of factors, namely, (1) amount and continuity of 
rainfall, (2) humidity of the atmosphere, (3) height of the subsoil water, (4) flatness of the ground, 
(5) porosity of the soil, (6) presence of small fish in surface puddles, (7) use of wells and of pools 
for agriculture, (8) temperature ; and also probably on (9) the chemical nature of the soil, and (10) 
presence of some vegetable food necessary to the larvae or even to the adults. Hence we may 
expect much variation in the number of Anapheles pools in various localities. 

In some tropical countries, as in parts of Assam for instance, vast level areas are almost 
under water during the rains. In such places the larva may abound everywhere; unless it 
happens—and the point requires study—that small fish are too plentiful for them, Here it 
will be impossible to drain or fill up the pools. 

Again, in Lagos, Strachan [27] and Fielding-Ould [Addendum II.] report that the 
pools are extremely numerous, while the ground is so flat that it will be difficult to drain them, 

In Freetown the pools are much less numerous than in Lagos, and we think it possible 
to attack them with success. 

In Accra, Fielding-Ould did not succeed in finding a single Anopheles pool when he 
was there. 

In Secunderabad, in‘ India, only one pool was detected in a considerable area examined 
by one of us—though others might have been overlooked. 

In the Bolan Pass’ malaria certainly exists, though the country approximates to a desert, 
In such places pools must be very isolated. 

In Travancore, James reports [29] that the larvz are found in pools used for obtaining 
drinking-water, and also in the submerged plots of ground in which rice is grown (paddy-fields). 


Possibly the larva may breed in we//;s—which are often very numerous in tropical cities.* 


* Since this was written, Cornwall has described finding Anopheles larvae in_unused wells in Madras city [30]. 
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Lastly, in many places where there is much forest or undergrowth, it may be impossible 
to indicate the pools at all. 

Even in localities where the pools are sufficiently few, it may be difficult to deal with 
them. ‘This will be especially the case with wells, pools of drinking-water, small streams, 
rice-fields, irrigation pools, and pools on water-logged ground, 

On the other hand, operations may be very much facilitated if we can succeed in finding 
a cheap substance, such as was alluded to in the preceding paragraph, which will prevent the 
insects breeding in the pools. Suppose, for instance, that a ton of such a substance will 
suffice to keep a square mile of land free from Anopheles for a whole rainy season, we may 
hope to eradicate malaria from our principal towns at but little cost. 

Again, as suggested in paragraph 17, if Anopheles live from one rainy season to another 
only by continuing to breed in the few pools which remain during the dry season, we may 
then be able to attack them with comparatively little trouble at that season. “This is an indication 
which requires following up. It is difficult to understand how the insects tide over the dry season 
in places in which almost every inch of soil is then subjected to a heat sufficient, one would think, 
to destroy even the eggs. Unless the adults “hibernate,” we may suppose that the larve still live 
in wells, or gardens, or in pools in the bed of watercourses which have nearly dried up. If this 
be the case, operations against the insects may be much facilitated. 

On reviewing these observations, we shall see that— 

(1.) Operations against Anopheles are least likely to be effectual in level, water-logged 
localities, and in places where the insects breed in pools which cannot easily be found, or cannot 
easily be treated. 

(2.) Operations will probably be easier in country which is not quite level, or where 
the rainfall is not great. 

(3.) hey promise to be very easy in extremely dry places. 

Lastly, it goes without saying that we can scarcely ever expect to deal with Anopheles 
in large rural areas. On the other hand, we may reasonably hope to reduce them, if not to 
exterminate them, in the principal centres of population and civilization——that is, in just the places 
where prevention of malaria would be most useful—provided always that we make intelligent 


and persistent efforts to do so, 


29. Recommendations.—The method of dealing with malaria by operating against 
Anopheles would seem to have this advantage over the old method by drainage of the soil—it 


promises to be much cheaper. Whereas by the old method we were obliged to drain the whole 


of an infected area—often at great cost—we shall now be called upon to drain, or otherwise deal 
with, only those spots which are the source from which the insects (and, by hypothesis, the disease) 
emanate, 

The fact that drainage has often actually banished malaria now only suggests that drainage 
has often actually banished Anopheles. By reducing this long-known method to one of greater 


precision, we may now reasonably hope to obtain the same effect with greater ease. 
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Financial considerations have frequently prohibited the employment of the old method ; 
they can scarcely prohibit the employment of the new one—at least in many localities. 

Although the new method has not yet been tested by actual experiment, all the scientific 
indications support the view that it will be a valid one. 

The existence of the disease is in many localities such a serious source of expense, not to 
mention loss of trade, prosperity and life, that the small sums required for the prosecution of the 
new method cannot justifiably be withheld, even though it is still in the experimental stage. 

Hence we feel justified in recommending that operations against Anopheles be included 
among the sanitary measures of local governments and municipalities. 

We also recommend that further investigations regarding the prevention of malarial fever 


be prosecuted with the energy which our national obligations demand, 


Cay) 


VII. REMARKS. 


30. Miscellaneous Remarks.—The following notes may be of interest. 

(1.) Destruction of gnats, generally,—It is a most astonishing fact that though gnats constitute 
a serious pest in nearly all tropical towns, one seldom hears of any efforts being made to control 
their numbers. Even Europeans appear to be generally quite ignorant of their source, and often 
allow them to breed in large numbers in tubs and flower-pots just outside their windows; and then 
complain of their presence and attribute it to the “locality.” It would be a benefit to the 
community if medical men would exert their influence with local municipalities in favour of some 
action against these insects—not only Anopheles, but Culex as well. A single intelligent native 
agent, whose services could generally be obtained for one or two pounds a month, would be able 
to do a great deal of good in many towns, simply by going from house to house and emptying the 
vessels of stagnant water, or by treating them with culicicides, or by showing the occupants what 
to do. Sanitary inspectors might also be instructed to attend to the matter. The policy of 
indifference adopted at present is ridiculous. 

(2.) Houses of Europeans in the Tropics.—We have already referred to the fact that punkahs 
and mosquito-nets are not as generally used in Sierra Leone as in India. In the latter country 
Englishmen seem to have learnt by long experience how best to live in the tropics. Not only do 
they employ these comforts wherever possible, but their houses are as a rule specially adapted for 
tropical life—they are generally commodious, well-built, and surrounded by a large open area or 
“compound.” Undoubtedly this must assist in preserving the occupants from a great deal of 
fever. Gnats do not like airy, well-lighted rooms; while, if there is a large compound, infection 
cannot be as easily carried from adjacent houses. Moreover, in India there is generally a separate 
European quarter, which is as a rule built on the most elevated site present. In Freetown none 
of these precautions have been adopted. In addition to the neglect of punkahs and mosquito-nets, 
the houses are small, crowded together, mixed with the houses of the townspeople, and built in 
the lowest part of the town, Anopheles easily live in them, can bring in the infection from 
numerous neighbouring dwellings, and can feed uncontrolled on the occupants; while they find 
numerous pools suitable for them in the ditches by the side of the streets. 

On the ridge behind Kortright Hill there is a large plateau over 1000 feet above sea-level, 
and capable of holding the houses of all the Europeans in the colony. 

Serious attention ought to be given to this question of the houses of Europeans in the 
tropics. If emplayés are sent at all to dangerous climates, it is the manifest duty of their employers 


—whether these employers be the Government or private persons—to see that they are housed in 


46 REPORT OF THE MALARIA EXPEDITION. 


a manner most likely to preserve their. health. If the nation wishes to maintain colonies in 
intensely malarious localities, the least it can do is to protect its servants as much as possible from 
the disease. 

(3.) Surface-drainage of Freetown.—This is undoubtedly bad as a rule. The substitution 
of simple masonry gutters for the existing roadside ditches would probably have a considerable 
effect on the malaria. In some spots, however, it will be necessary to avert drainage from the hills. 

(4.) Disposal of night-soil—As already mentioned, a system of pit-latrines is in use in 
Freetown. Not only does there seem to be little dysentery or enteric fever present in the city, but 
the disgusting odours so frequent in Indian towns (where removal systems are adopted) are 
comparatively infrequent. In short, it is open to question whether this pit-system—which we 
have compared to a septic-tank system—is not preferable, if it can be adopted, to the ordinary 
Indian interception method. A pipe water-supply must of course exist at the same time ; and the 
subsoil water must be low. 

(5.) Filarie in ANOPHELES COSTALIS.—In many of the Anopheles caught in the Wilberforce 
Barracks we found Filarie. All the stages described by Manson, up to the final motile stage, 


were present. We add photographs of an earlier. and a later stage—the former from a specimen 


considerably distorted by the preservative (formalin). 


7.—Filaria in Anopheles costalis. Young stage. 8,.—Filaria in Anopheles costalis. Older stage. 


It is impossible to doubt that these parasites, like the Hamamoebidz in the same insects, 
were derived from the soldiers ; but unfortunately we were unable to obtain the blood of the latter 
at night for examination. One of us had previously observed F. necturna in the tissues of Anopheles 
fed on a patient containing the parasites [5]. 


(6.) Tumba-fy and Tsetse-fy,—We found these insects in Freetown, Accounts of them 
will probably be published elsewhere. 


REPORT OF THE MALARIA EXPEDITION. 47 


(7.) Towards the end of our stay in Freetown, one of us was attacked with fever: H. 
precox being at once found in his blood. From the first there was no rigor. The fever was 
continuous, but disappeared (together with the parasites) on the fifth day, as the result of treatment 
with quinine. “The drug was continued for six weeks, and no relapse has occurred. 

(8.) Distribution of ANOPHELES COSTALIS.—It is always difficult, without elaborate study of 
perfect specimens, to come to sound conclusions respecting the species of gnats. So far, however, 
as we could judge from specimens obtained from various parts of the West Coast, Anopheles castalis 
appears to have a wide distribution there. See, for instance, Strachan [27] and Fielding-Ould 
[Addendum II,|. We may even conjecture—pending more certain information—-that it is the 
principal agent of the deadly West Coast fever. 

(9.) Use of the microscope for clinical purposes—We beg earnestly to recommend that 
Laveran’s discovery, which has now been made for twenty years, be used in medical practice in 
malarious localities. “Che microscope is called for, not only for diagnosis and treatment, but in 
order to obtain exact information regarding the nature of the various fevers prevalent in warm 
countries—fevers which often cannot be differentiated by the symptoms alone. For example, we 


a point which would probably have been 


do not yet know the nature of black-water fever 


decided long ago if medical men had more generally adopted microscopical methods in their 


practice. 
(10.) In conclusion, it should be strongly emphasized that many substances which have 


not the power actually of killing Anopheles larve may yet be capable of rendering depressions in 
the ground uninhabitable for them for long periods. Common salt may be effective ; but the 
range of substances for experiment in this connection is very large. It is to be hoped that such 


experiments will soon be made. 


FINIS, 
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ADDENDUM I. 


Description of Two Species of ANOPHELES from [Vest Africa. 
By Major G. M. Giles, M.B., F.R.C.S., 1.M4.8. 


Owing to the sudden departure of Mr. Austen, late of the Liverpool Malaria Expedition, for the 
seat of war, I have been asked to draw up a formal description of the two species of Axopheles brought by 
the party from the West Coast of Africa. I should however mention that, having run over the specimens 
with Mr. Austen, I am indebted to him for many of the points specified, so that the description might 
almost be said to be a joint production. 

We are agreed in considering one of the two species as undoubtedly identical with Anopheles costalis, 
Loew, originally described by him from Caffraria, but which now appears to have a wide distribution 
over, at any rate, a large proportion of the tropical and subtropical African littoral. ‘The other species does 
not appear to have been previously described, and, at Mr. Austen’s suggestion, has been named Anopheles 
Sunestus sp. N. 

The following are the descriptions of the two species in question :— 


Anopheles costalis, Loew.—Wings with the costa interrupted by patches of darker and 
lighter colouration, but not generally dark ; the costa has the basal third dark with two minute interrup- 
tions followed by three other dark spots, the first of which is the largest, separated by smaller yellowish 
interruptions ; portions of the other veins are black-scaled, but the lighter tinted scales preponderate. 
Abdomen not distinctly banded, but with the hind border of the segments rather darker, especially in the 
male. Tarsi with minute rings, mainly apical, but involving also the base of the next joint. 


Description from Loew, Berlin Ent. Zeits, 1866, p. 55. 


“2 Pale tinted, with the palpi black with white rings ; wings with uniformly black costal spots. 
Length of the body, 2 lines ; of the wings, 2"/,, — 2'/, lines. 

Clay coloured. The two first joints of the antenne yellow ; remaining joints brownish.  Palpi 
black, with a white ring on each of their joints. ‘Thorax with a bright brownish longitudinal stripe on 
either side, and a distinct brownish line in the middle. Pleura striped and speckled with pale brown. 
The hairs on the thorax, scutellem, and abdomen entirely light yellowish. Legs yellowish brown ; the 
femora yellowish at the base ; all the outermost points of the knees and tibia of a yellowish colouration. 
Wings limpid, with pale yellowish, almost white-haired veins, with here and there patches of black hairs, 
so as to produce a characteristic marking of the wing ; of these spots the most striking are four placed on 
the anterior border of the wing and not extending beyond the first longitudinal vein, and forming 
elongated black spots which alternate with clearer portions of the wing-border ; the spots on the remaining 
part of the wing are not so distinct, because, owing to the veins being placed further apart, they nowhere 
approach each other sufficiently close to admit of their black portions combining to form a noticeable 


spot. Habitat—Caffraria, South Africa,” 
G 
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In the examples collected on the West Coast, with the exception of the wings, the insect is a 
dark brownish grey rather than clay coloured. The palpi of the @ have the apex broadly white, and 
there are, in addition, two narrow white bands on the articulations: further, their scaly covering is rougher 
than in An. funestus. "The legs are dark brown, somewhat speckled with yellow, especially beneath, but 
show nothing of the nature of a band, except on the tarsi. In the fore legs, these have the first three 
joints with apical bands, which involve somewhat the contiguous bases of the next joints: in the middle 
legs the first three ; and in the hind, the first four joints have purely apical, narrow yellowish bands. ‘The 
wings are lighter than in dz, funestus, but have a larger proportion of dark scales than in Az. rossii, mihi, 
or, to judge from his figures, than Ficalbi’s pseudopictus and superpictus. The 6 has the terminal joint of 
the palpi with a dense tuft of hairs, which are brownish yellow internally and blackish externally: the only 
other ornament being a very minute ring on the articulation between the second and third joints. 

Mr. Austen further makes the following note :—Although this species much resembles 4x. pictus, 
Loew (described from two females from the coast of Asia Minor, opposite the island of Rhodes) in having 
the front femora thickened towards the base, I think it is undoubtedly distinct. In the first place, it is 
much smaller (only 2} instead of 3 German lines). Then the two last joints of the palpi have an 
adornment of yellowish white scales instead of being brown ; and the wings have four dark blotches on 
the costal margin in place of three, and all are separate, whereas in Loew’s species the first and second 
patches are joined together on the costa itself. Lastly, the legs differ, the tarsi being banded in castalis. 

This species forms one of a group of closely allied species, including 4x. pictus, Loew, An. superpictus, 
Grassi, 4. rossii, mihi, An. vanus, Walker, and some others, which agree in having the wings with the costal 
margin adorned with alternate dark and light spots, while the wing as a whole is not dark tinted. When 
closely examined, however, the details of the adornment of the wings, as well as that of the palpi and other 
appendages, afford sufficient points of constant difference to assure us that they are specifically distinct. 

The other (and new) species is much more darkly tinted, the white interruptions on the costa and 
other veins being so much smaller than the dark portions that it is fairer to call their wings black, with 
white spots rather than the reverse. In this respect it forms a link between the paler forms and the 
densely black-scaled wings of two species, also new, but as yet undescribed, which were brought back from 
India by Major Ross, and are now in the British Museum. 


Anopheles funestus, sp. n.—Wings with the costa marked by interrupted darker and 
lighter colouration, the dark portions preponderating ; on the actual costa there are five interruptions, 
the two basal being connected by dark scales on the auxillary vein; there are also white areas over 
the transverse veins, the stem of the posterior fork-cell, and the bases of the 5th and 6th longitudinal 
veins. Abdomen unbanded, black. ‘Tarsi uniformly black. 

? General colouration black, with but little adornment. Head black, with a crest of scattered 
white scales ; eyes with a minute white margin ; proboscis black, a little paler at the apex ; antenne 
black, with scanty whitish verticils ; palpi black, very smooth, with the apex and two narrow bands 
on the articulations white. Thorax black, clothed with white scales over the greater part of the 
dorsum. Legs black, the only relief being a scarcely perceptible paler knee-ring. Wings ornamented as 
above described; the anterior fork-cell long, parallel-sided, with a short stem ; the posterior, much shorter, 
wider, and wedge-shaped, with a longer stem; supernumerary and middle transverse veins of fair 
length, in one line, the posterior, shorter and more than twice its length internal to it; the scales of 
the internal fringe with minute white interruptions opposite the junctions of the longitudinal veins 
with the margin. Halteres with the knob black and the stem rather lighter. Abdomen black, glabrous, 
with very scattered white hairs. 

In the 6 there is no obvious banding of the palpi, but the apex of the last joint is grey, 
followed by a narrow black ring, and then by an even narrower pale ring, the rest of the appendage 
being of the same funereal tint as the rest of the body. The antenne are black with dense black 
verticils, which, however, show a certain paler lustre in certain lights. The abdomen is black. The 
wings, though they resemble those of the ? closely in ornamentation, differ somewhat in venation, 
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the anterior fork-cell being twice as long as the posterior, and its stem much the shorter, though both 
stems are rather long, while the posterior is very short, and but little wider than the anterior. 

Length, excluding the proboscis, 2.6 mm. 

Habitat.—Freetown, West Coast of Africa. 

Owing to the absence of ornamentation, the description of this species is necessarily brief, but 
it will, I trust, suffice to distinguish it from any neighbouring species. 


G. M. GILES, M.B., F.R.C.S., Mayor I.M.S. 


ADDENDUM. IL. 


Observations at Freetown, Accra, and Lagos. 


By R. Fielding-Ould, M.A.. MB. 


1], SIERRA LEONE. 


In accordance with instructions I joined Major Ross at Sierra Leone in September last, and 
during the remainder of his stay there co-operated with him in his researches; and later, when he 
returned to England, I continued the work of the expedition in Freetown. 

The habitat and “ breeding puddles” of the Anopheles which had been observed infesting the 
Wilberforce barracks we had been unable to discover, and I determined to make further and more 
rigorous search through the surrounding country than had been possible hitherto. In this I received 
the valuable assistance of Captain Smith, R.A.M.C.; but, notwithstanding the most careful explorations, 
we were unable to find any Axopheles-bearing puddles nearer to the barracks than 1,500 yards. ‘Those 
we found were more or less permanent pools in the crevices of rocks below Signal Hill; and some 
others were found in Murray Town. I am inclined to think that these puddles are the puddles that 
supply the mosquitoes which infest the barracks. It has been observed that the vopheles are only to 
be found in the barracks intermittently—that is to say, a swarm may be present for two or three days, 
and then for a week no mosquitoes are to be seen. This fact, and the impossibility of finding any 
puddles nearer than a mile, I venture to explain by the hypothesis that the wind is an important 
factor in the matter. The prevailing wind blows over the puddles that I have mentioned in the 
direction of the barracks, and by its means, when favourable, the mosquitoes may be able to travel a 
long distance—quite contrary to their ordinary habits. 

In support of this view it may be mentioned that many facts are on record which seem to 
indicate that the poison may be carried to some distance by winds. Again, it has been noticed that 
of the two banks of a stream in a malarious district, that towards which the prevailing winds blow is 
often the most affected. 

During the remainder of my stay in Freetown I was kept supplied by consignments of mosquitoes 
from the barracks, and I also obtained some from the houses of natives known to be suffering from 
fever. Dissection of these gave substantially the same results obtained by Major Ross. I include with 
these notes some drawings, made on the spot, of microscopical preparations, which show various phases 
of the malarial parasite in the gnat (Plate IV.) 

Out of 29 Anopheles examined by me, six, or 18 per cent., gave definite parasites; while 17 
Culex gave in every case negative results. 

I made experiments on the puddles at Freetown with both tar and kerosene as culicicides, 
Both these proved effectual as larva-destroyers, but the former is, in my opinion, likely to prove the 
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more successful ultimately. In the same street many puddles bearing larve were treated—some with 
kerosene and some with tar. After 24 hours all were free from larva. After a further interval the 
puddles were again examined ; with the result that all the puddles treated with tar were still free from 
larve, while many of those treated with kerosene contained larve. This result is due to the greater 
evanescence of the kerosene film. 


Il. ACCRA. 


On October 18th I landed at Accra, and after being very kindly received by the Governor of the 
Gold Coast, who spontaneously offered me all the assistance in his power, I was fortunate enough to meet 
Dr. Chalmers, who kindly offered me quarters, and for whose hospitality and assistance in my work I 
cannot too warmly express my gratitude. 

Accra, a straggling town consisting roughly of four parts—native, commercial, official, and 
Christiansborg—(zide Map III.) is situated on a perfectly flat plateau on the coast, about 25 feet above 
sea level. From the level of the town to the sea-shore stretch broken and crumbling rocks ; and on the 
other side, northward of the town, the country 1s absolutely flat (save for a slight depression here and 
there) for 26 miles, until the Aburi Hills are reached. 

During my stay at Accra I was unable to find any puddles, and consequently Avopheles, notwith- 
standing a rigorous search throughout the entire district. ‘To those who know the conditions under 

which Anopheles were found at Sierra Leone this will not be 
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surprising, for the conditions at Accra are totally different; the 


rainfall never exceeds 27 inches per annum, as compared with 170 


Jan 
Feb. 
larch 
April 
May 


inches at Sierra Leone. Again, at Sierra Leone the geological 
formation is volcanic rock, whereas Accra is built on sand and 


gravel ; consequently the small rainfall is very rapidly absorbed by 
the porous ground. ‘There are no trees, and therefore there is no 


shade. ; 
I include here a chart showing the curve of the rainfall 


at Accra. 
It has been found that the number of fever cases is greatest 


during the second quarter of the year, that is to say, just before, 
during, and just after the period of greatest rainfall (zéde chart). 
Another rise in the number of cases occurs in the last quarter ; 
when again it will be noticed that the rainfall increases. At this 
time too the “ Harmattan”’ blows, and there is a great fall in the 
temperature at nightfall. "The increased liability to chill at this 
time no doubt, to some extent, explains the increase in the number 
of fever cases. J may say that during 1899 the rainfall has been 


somewhat less than usual. 

Not only was I unable to find any specimens of Anopheles 
in Accra, but Dr. Chalmers, an enthusiastic entomologist, also 
had not seen any during the three months prior to my arrival. 
Other kinds of mosquitoes were present without limit ; and I 
seized the opportunity to examine as many of the Culex species as 
possible. Fifty-two specimens I dissected, but in none did IJ find 
zygotes. Before deciding that Anopheles is never found at Accra, 
we must wait to see if they are present when the rains are at 


PRE ET | 
their height, that is to say, in May or June. 
These being the chief facts which I obtained as regards the mosquitoes of Accra, one would 
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naturally expect to find that malarial infection was comparatively a rare event there. And this is precisely 
what we do find. All my enquiries from local medical men and colonial surgeons led me to believe that 


’ for two and a half months before I arrived. During 


there had been no case of “ original infection’ 
this time there had of course been “ recurrent cases,” though these had not been numerous—only thirteen 
among Europeans. ‘These, I venture to say, are important points ; but I do not wish to lay too much 
stress on them, for I fully realize that it would be rash to draw too rigid conclusions from observations 
carried on over so limited a time; but it is, in conjunction with facts observed elsewhere, at least 
significant of the influence of the mosquito in the propagation of malaria. 

It should be noted in this connection that all authorities, in each of the three Colonies that I 
had the opportunity of visiting, agreed that 1899 had been an exceptionally healthy year; so that 
probably the number of fever cases was below the average. 

Thanks to the efforts of the present Governor—Sir Frederick Hodgeson—the official population 
is now better housed: spacious and well-ventilated bungalows have been provided, and these have 
been removed nearly a mile eastward, so that the native town with its squalor and overcrowding is 
no longer the menace that it was (vide Map III.). On the other hand, many of the habitations of 
the commercial population are badly built and badly ventilated ; some are still in close proximity to 
the native huts, and some to that part of the sea-shore which I shall refer to again as practically a 
public latrine. ‘To improve the sanitary condition of the native town much has recently been done 
in some districts. A fire in 1896 burnt down many of the huts in one part, and afforded an opportunity 
of opening up the maze of squalor that previously existed. Broad streets were laid down, a partial 
system of drainage started, a stinking pool in the market place filled up and better houses built—with 
the result that disease of all kinds in this district diminished. Several districts remain in all their 
primitiveness, and similar treatment could not fail to bring about a marked improvement. But the 
Government, though alive to its responsibilities in this matter, are handicapped by a want of 
money for the purpose, and also not a little by restrictions imposed at home by a mistaken and 
sentimental regard for what are called “native rights.’ Already so much has been done with 
good results that, in my opinion, advanced with the greatest diffidence, Accra is not the death-trap 
its reputation would warrant one to believe. This reputation has been built up partly by the many 
cases of sickness imported from the hinterland; and to get a right conception of the general health 
of Accra it is necessary to draw a distinct line between the seat of government and the northern 
territories of the colony. I do not mean to say that it will ever become a health resort, nor do I 
think it would be wise to extend (as has been by some suggested, including the late Governor, Sir 
William Maxwell) the length of the “tour” of service. The climate, quite apart from any specific 
disease which may there exist, has a definite reducing and depressing effect on European constitutions. 
However healthy a man may be on his arrival on the Gold Coast, sooner or later he becomes anemic 
or dyspeptic, and often his nervous system is so affected that a condition of extreme irritability is 
induced ; insomnia often follows, and he becomes totally unfit for work. 

It should not be overlooked that the difficulty—often impossibility—of procuring fresh meat and 
vegetables is after a time a serious tax on any constitution, however strong. ‘There is a widespread belief 
that alcoholism is rampant on the West Coast ; I may say here that, though I had good opportunities of 
judging, I did not find it so in any of the three Colonies I visited. 

That part of Accra known as the “native town” (zide Map III.) needs further consideration here, 
in order to make it clear that what I have already said may not seem exaggerated, and that it is in fact a 
standing menace to the health of the community at large. 

In this part of the town there are no streets. Winding alleys, unpaved, and so narrow that two 
persons cannot stand abreast, do duty for streets. These alleys have interminable ramifications, and form 
so complex a maze that it was found impossible by the surveying authorities to chart them. Numberless 
naked children disport themselves in these gutters, and many mangy dogs are seen wandering about under 
no control. In addition to these, sheep and goats of a more or less unhealthy appearance roam the 
byeways. Filth of all sorts is found lying broadcast in the alleys; stinking garbage, decaying vegetables, 
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etc. ; and, to crown all, the natives wash themselves openly in the puddles they have made for the purpose. 
The children for the most part use these byeways as latrines. Mosquitoes abound, and the odour is often 
frightful. ‘The huts are made of mud roofed in with leaves. ‘They are overcrowded to an appalling 
extent—8 or 10 persons often occupying a hut g or 10 feet square. Scattered here and there through this 
district are groups of uninhabited, roofless and often ruined huts. These are used by the neighbouring 
families as places in which to discharge their refuse, and also as latrines. Every now and then one comes 
across a butt or other receptacle filled with stinking water, infested with mosquitoes, and infected with 
bacteria. The latter I was only able to examine microscopically. ‘The former were all of the genus Culex 
—no Anopheles were found. A complete absence of any system of drainage completes what to a European 
eye is nothing but a noisome and a pestilential district. The danger of such neighbours to the white 
population is obvious, and some of the commercial community, as I have said, live very close indeed to 
those parts of the town. ‘This danger is, I think, increased by the fact that the prevailing wind sweeps 
over and through these native dens before reaching the houses of the white inhabitants. Public latrines 
have been indeed provided by the Government on the sea-shore, but I am of opinion that these are 
themselves not wholly without danger. Some are flushed by the sea; but on October 20 two were 
entirely dry—and that on a day when the tide was of quite average height. Much of the open sea-shore 
is used as a public latrine too ; and it is easy to imagine in such a climate the condition of affairs thus 
brought about. Any infective material deposited here is liable also to be carried by the prevailing wind 
straight to the European quarters. "The problem of drainage and general sanitation is no doubt a very 
difficult one to solve in a place which is so flat, and where there is no water supply (the inhabitants are 
entirely dependent on a scanty rainfall). But I venture to think much benefit would result from the 
running of broad streets through the congested districts of the native population, and the destruction of 
uninhabited houses. An attempt is made by the police to keep the streets in a clean and healthy 
condition ; but it is impossible to exercise anything but very incomplete supervision over these unlighted 
rabbit-warrens. All wandering dogs and other animals not properly looked after should be destroyed, for 
that there is a possibility of their carrying diseases I do not think anyone is inclined to deny. I am 
disposed to think that the sea latrines should be done away with, and. earth-to-earth land latrines 
substituted. ‘These latter are used with complete success in some parts of Lagos, though there too there are 
some latrines open to the lagoons, 

The suburb of Christiansborg shown on the map has no such plague spots as I have described in the 
native town of Accra. Here there are broad streets, well kept, and for the most part clean ; the houses are 
not crowded together, and there is a fairly complete system of drainage. The drains are open, wide, and 
made of cement. Between this suburb and Accra there are a few acres devoted to surface pools, which the 
natives enclose to catch the rain for various domestic uses ; and on these pools they are entirely dependent 
for their water supply. Some contained mosquitoes (all Cu/ex, no Anopheles), various weeds and alge ; but 
were sweet and clean for the most part. 

It may be surprising that so near Accra a suburb with the above characteristics should exist ; but it 
is easily explained: Christiansborg Castle was at one time the Governor’s residence, and Christiansborg 
itself the seat of government. At this time some thousands of pounds must have been spent to produce 
the good result I have sketched above. ‘The present Governor is doing everything in his power to improve 
sanitation in Accra, and though, as I have said, he is hampered in various ways, slowly but surely an 
improved state of things is showing itself. 

The authorities and West Coast medical men generally are now fully awake to the fact that all has 
not yet been done that may be done to improve sanitation, and in the next few years I anticipate a definite 
improvement in this respect, and also a greater activity in scientific medical research, At present any 
research is carried on under almost disheartening difficulties. Instruments rust, microscopes and other 
lenses become cloudy (even the cover glasses and slides which I took out with me became useless), and 
bacteriological research is quite impossible under present conditions. 

Now, however, I think I may say a new epoch is about to begin in the scientific study of 
diseases prevalent on the West Coast. ‘The Government of the Gold Coast has sanctioned a preliminary 
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expenditure of {£500 for the formation of a medical research laboratory at Accra, and before I left 
I had the pleasure of seeing the building almost ready and fit to receive its scientific equipment. Much, 
too, might be done, I venture to suggest, throughout the Colony in this direction, At present no 
facilities—not even microscopes—are provided for the assistant or Colonial surgeons on duty in the 
hinterland. When one considers that by the microscope we are alone able to diagnose malaria with 
certainty, this complete absence of proper instruments is not only appalling, but incomprehensible. 
In this connection I may say that there is reason to believe that many cases are wrongly attributed to 
the malaria parasite, and earnestly treated with quinine. Were it feasible, though for certain political 
reasons it may not be possible, I think better results would accrue if each assistant Colonial surgeon 
had a definite district assigned to him with a permanent headquarters, where he might, with a small 
outfit of scientific apparatus (at least the microscope, which he is at present without), do much good 
work in the interests of tropical medicine. The Colonial surgeons are at present so continuously 
travelling (often unavoidably, no doubt), that to expect any scientific work would be ridiculous. But I do 
not think that a central research laboratory at Accra—receiving films of blood, pathological specimens, etc., 
for examination—will entirely meet the case, especially in a climate where morbid specimens so rapidly 
change their character. There is already a well-appointed and well-managed hospital at Accra, open 
for the reception of white and black alike ; and here, too, improvements are being made. 

There is no doubt that at Accra the greatest desideratum is a proper water-supply. Up 
to the present time, though borings in every direction have repeatedly been made, no water fit for 
drinking purposes has as yet been discovered. Rain-water can alone be obtained, and must be stored 
in tanks for long periods—during which time it runs great risk of contamination, though every care 
be taken. A scheme is on foot to bring water from the Aburi hills, 26 miles away, at the cost of 
over £100,000. But considering the great expense of this, and the great hindrance to all forms of 
business caused by the short term of service imposed by the climate, it is surprising that only during 
the last year has the possibility of moving the whole community to Aburi been mooted. 

Parasites were not found in any out of 47 Cu/ex examined by me at Accra, 


II. LAGOS. 


I proceeded to Lagos, and arrived there on October 27. The Chief Medical Officer of the Colony 
(Dr. Henry Strachan) offered me quarters ; and for the great hospitality he showed me during the whole 
of my stay I wish here to express my sincere appreciation and gratitude. Lagos is the largest town I 
visited. It has roughly 75,000 inhabitants, of which about 150-200 are Europeans. Any estimate of the 
population is necessarily only approximate, because the taking of the census is the signal for a general 
exodus of the natives for the bush. ‘The town itself is built on an island surrounded by lagoons (z/de Map 
IV.). The highest point is 19 feet above the level of the water, while, on the other hand, several parts are 
actually below sea-level. The island consists geologically of sand deposited on the top of mangrove 
swamps ; and borings reveal the existence of alternate strata of sand and decaying vegetable matter. The 
swamps (shaded on the map) are seen to almost entirely surround the island. ‘These evil-smelling 
quagmires consist largely of mangrove trees and black mud—the latter has a peculiarly offensive odour, due 
chiefly, I think, to the evolution of sulphuretted hydrogen gas. Under the microscope I found this mud 
to consist chiefly of sand and decaying vegetable matter: many protozoa also were present. ‘The 
Europeans live almost entirely in one limited part of the town, their quarters being stretched out along 
the edge of the south-western lagoon (vide Map IV.). ‘They are therefore, it will be observed, 
surrounded on two sides by swamp and lagoon, and on the other two sides by native habitations. ‘These 
latter I need not describe, as they bear a general resemblance to those existing at Accra. 

The geological formation of Lagos being such as I have described, it is not surprising that puddles 
suitable for the breeding of Anopheles are plentiful. ‘The island may almost be said to be one immense 
puddle ; for the ground everywhere lends itself to the formation of small collections of water and mud on 
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the occasion of the slightest rainfall. In this respect the contrast presented between Lagos and Accra 
cannot fail to be noticed. Ampheles I found to be so widely distributed that it was impossible for me to 
make any distinction in favour of one part of the town as compared with another. In every native hut— 
in all European quarters—in Government House—even in the hospital—I never failed to find some 
specimens. My search for parasites was not equally successful ; for, although I dissected 37 specimens, I 
was only in one able to satisfy myself of the presence of zygotes.” 

During my stay at Lagos there was very little fever; only two cases were admitted into hospital, 
and no out-patients presented themselves for treatment. The blood of both these patients I examined ; 
but no parasites were present, though the examination was made on more than one occasion. ‘This did not 
however surprise me, for both were mild cases, and had been taking large doses of quinine for six days 
before admission. Anopheles caught in the wards, and others “fed” on these same two cases, gave also 
negative results, 

The single specimen in which I found zygotes was caught in a native (Hausa) hut; but I 
was unable to trace the cases, and so failed to obtain other specimens. I also, at Lagos, dissected 17 
specimens of Cu/ex; but, as at Accra, these invariably gave negative results. The problem of how 
best to deal with the Amspheles and their breeding-places is a peculiarly difficult one at Lagos. The 
peculiarities of the soil, and the extreme flatness of the island, render it impossible, in my opinion, for 
drainage to be an effectual solution, For similar reasons, and also on account of the universal prevalence 
of the mosquitoes—Anopheles—it does not seem to me likely that the application of kerosene or tar to 
the puddles will be altogether a successful method. In some few places an attempt has been made to 
drain marshy ground into the lagoons, and occasionally this has no doubt done good ; but, taking the 
town as whole, this is not feasible, and some other method of extermination must be devised. The 
Government, if I may say so, have certainly been acting in the right direction by filling up some of the 
more aggressive mangrove swamps with sand; but this is necessarily a long and tedious business, and 
at the best, only a portion of the evil can be treated in this way. 

In these swamps, as also at Sierra Leone, I looked for Amopheles, but in neither place did this 
particular genus seem to frequent them. Both drainage, as far as it is possible, and the application of 
kerosene would no doubt do something to improve matters; but until some further measures can be 
devised, the people of Lagos must rely chiefly on the general and Jess direct means that were recommended 
at Sierra Leone, ¢.g., the intelligent use of mosquito-nets and blinds, etc.—of both of which there is 
at present a surprising absence. 

The ‘“ Rest-House,” which is used as temporary quarters for Government officials, I found 
swarming with 4mopheles; and I was able to obtain particulars of several cases of malarial infection 
occurring there. Before my arrival, and indeed before the mosquito theory had been brought prominently 
forward, several officials dated their fever from nights spent at this ‘‘ Rest-House”” among hosts of what 
everyone recognised as a peculiarly vicious variety of mosquito. I am now referring to several well- 
authenticated cases, the details of which Dr. Strachan is, I believe, about to publish. From a con- 
sideration of these cases one is led to the conclusion that malaria has a definite incubation period of 
trom 7 to 21 days. 

I include here. a chart which shows the rainfall, sub-soil water, and fever curves in Lagos for 
twelve months. It will be seen that these curves are as nearly as possible coincident, the maximum 
number of fever cases occurring a little later than the point of highest sub-soil water. It is impossible 
to suppose that this is a mere casual coincidence, and that the two curves have not a definite relation to 
one another. The bearing of these observations on the validity of the mosquito theory is obvious, 
for we know that the Azopheles are most prevalent when the sub-soil water is highest. 

It has often been observed in many parts of the world that the upturnings of earth, and 
excavations generally, were accompanied by an increase of malaria: it is certain that the turning up of 
soil will aggravate the manifestations in districts where malaria is permanently endemic. ‘This has also 


* This can be attributed to the gnats not having become previously infected from patients, 
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been observed in West Africa, and especially by railway engineers—who perhaps suffer more from fever 
than any other section of the white population. I was anxious to see if this could be explained on the 
ground that the upturning of earth caused an increase of Anopheles puddles. When, therefore, the 
Governor, Sir William Macgregor, M.D., K.C.M.G., invited me to go by special train up the Lagos 
Railway from Abutemetta to Aro, I eagerly seized the opportunity. I found that the railway track was 
entirely a made track, and that to provide the soil for embankments, etc., many excavated pits had been 
made. In some places, for a mile or more these pits remained gaping at intervals of about twenty yards. 
In all that I examined there were puddles of varying depth and size, and without exception these puddles 
contained Anopheles larve. This is, to my mind, a point of great interest and importance, and may 
entirely explain why in West Africa, at any rate, railway engineers and officials are peculiarly and pre- 
eminently exposed to malarial infection. 
Throughout the West Coast malaria is ever before RAINFALL, SUB-SOILWATER AND FEVER 


A nae ‘ : ; AT LAGOS 
men’s eyes as an inevitable evil which all must suffer at some fajnfoll shown thus ——— 
time or another ; and the result is that any rise of tempera- ERO SS 
ture is immediately diagnosed as malaria, and rigorously 
treated with quinine. I saw at least one case in which a 
lady suffering from a typical attack of pneumonia (temp. 
104° F.; dyspnoea, complete evidence of consolidation, etc.) 
was diagnosed as malaria, was treated with quinine, and was 
going to the bad. Fortunately a medical man, comparatively 
new to the coast, with a mind open and not befogged by 
coast tradition, was called in, and a correct diagnosis made : 
the lady recovered with a typical crisis. 

This is a glaring instance of the tendency on the 
coast to diagnose any rise of temperature, be it heat insola- 
tion, pleurisy, rheumatism, or even constipation, as malaria. 
The absence of microscopes, and the apparent want of belief 
in the advantage of microscopical investigation, is responsible 
to a great extent for this state of affairs; but traditional 
ideas born before the discoveries of Laveran still hold sway, 
and cannot wholly be exculpated. 

It is noteworthy that black-water fever occurs at all 
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periods of the year; and, as far as I can judge, its curve 
of incidence bears no relation whatever to any of the three 
curves on the chart. Black-water fever occurs chiefly among 
two classes of the European community, viz.— 

(2) Roman Catholic priests and nuns. 


(2) German commercial community. 


Investigation shows that the connecting link between these 
two classes, and the fact that distinguishes them from other 
classes, is that they are the most overworked, the worst fed, 


and, as a general rule, obtain the least leave to Europe. Some never leave Lagos. 

I was informed that black-water fever is becoming more frequent in West Africa, but that its 
virulence is distinctly diminishing. As in the case of malaria, microscopical examinations of the blood 
in black-water fever is the exception rather than the rule, but I never met any medical man in West 
Africa who had been able to demonstrate blood-parasites in these cases. From a consideration of these 
facts I am inclined to think that black-water fever will one day prove to be a fever sui generis, and wholly 
unrelated to the malarial parasite. 

In Lagos, again, as in the Gold Coast, I venture to say that the disinterested activity of the English 


Schools of Tropical Medicine is bearing good fruit. Before I left I heard that 15 microscopes had been 
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ordered for the use of the surgeons in the Colonial service. A laboratory for research is also being built, 
and cannot fail to do good work. In the hinterland, too, facilities for microscopical investigation are being 
provided. 

There remains the water supply of Lagos to be mentioned. ‘The absence of a proper water supply, 
as in Accra, must necessarily bear its share of responsibility for much of the unhealthiness that obtains, In 
Lagos, again, the people are dependent on the rainfall alone for their supply of water. 

The rainfall in Lagos amounts on an average to 70 inches per annum, and must be stored in tanks 
for use during long periods. ‘The risk of contamination is great, and until lately no great effort was made 
to keep the tanks in good order. Recently, in consequence of the recommendations of the C.M.O., a 
better state of things has been inaugurated, and every effort is now being made to keep the tanks clean and 
free from vegetable growth and mosquito larva. Public latrines are provided by the Government. Some 
are open to the lagoons ; others, the most sanitary I think, are earth latrines; and it would be well if more 
of the latter were provided, and those open to the lagoons closed. 

I should have mentioned that there are in places shallow surface wells from which the vatives obtain 
most of their water: into many of them the sub-soil water drains, and their use can only be viewed with 
suspicion. 

The hinterland is in many parts healthy, many districts affording high lands and good water, where 
white men could live in perfect security. It was suggested by the late governor, Sir William Macallum, 
that the seat of government should be removed some twelve miles up the railway from Abutemetta. ‘This 
should present no insuperable difficulties, and would be an untold benefit to the Government officials, who 
form at present a large proportion of the white population of Lagos. 


a 
% 


12. 


13. 


14. 


18. 


19. 


20. 


21. 


Zion 
23. 
24. 
25. 
26. 
af 
28. 
29. 


30. 


Rie PER ENCES. 


Kinc.—Mosquitoes and malaria. Popular Science Monthly, Sept., 1883. 


. Laveran.—Traité des fiévres palustres. Paris, 1884. 


. Manson.—On the nature and significance of the crescentic and flagellate bodies in malarial blood. 


Brit. Med. Journ., 1894, Vol. II. 


On the life-history of the malaria germ outside the human body. Brit. Med. Journ., 1896, 
Vol. I. 


Ross.—Pigmented cells in mosquitoes. Brit. Med. Journ., 1897, Vol. II. ; and 74., 1898, Vol. I, 


rad 


»» Report on the cultivation of Proteosoma Labbé in grey mosquitoes, dated 21st May. Govern- 
ment Printing, India, Calcutta. Also Ind. Med. Gaz., 1898. 


= Preliminary report on the infection of birds, etc., dated 11th Oct., 1898. Government 


Printing, India, 1898. Also Ind. Med. Gaz., 1899. 
Daniets.—T'ransmission of Proteosoma to birds by the mosquito. Proc. Royal Society, Vol. LXIV. 


MacCattum.—On the flagellate form of the malarial parasite. Lancet, Vol. II., 1897. 


. Grassi, Bicnami, BastianeLt1.—Numerous papers. Rendiconti della R. Accad. dei Lincei, 1898 


and 1899. Also, Annali d’Igiene Sperimentale, 1899. 

Kocu.—Ueber der Entwickelung der Malariaparasiten. Zeitschrift fiir Hygiene, etc., 1899. 

Nurratt.—Neuere Untersuchungen iiber Malaria, etc. Hygienische Rundschau, 1898, 1899. Also, 
On the réle of insects...on the spread of diseases. Johns Hopkins Hospital Reports, 
Vol. VIII., Baltimore. 

Ross.—Report to Director-General Indian Medical Service on the extermination of mosquitoes, dated 
16th February, 1899. See Ind. Med. Gaz., 1899. 

», On the possibility of extirpating malaria from certain localities by a new method. Brit. Med. 

Journ., July ist, 1899. 


55 Life-history of the parasites of malaria. Nature, August 3rd, 1899. 


. Witson.—Notes on malaria in connection with meteorological conditions at Sierra Leone, 1899. 


H. K. Lewis, London. 

Duccan.—The parasite of malaria in the fevers of Sierra Leone. Medico-Chirurgical ‘Trans., 
Vol. LXXX., 1897. 

Bancrorr.—On the metamorphosis of the young form of Filaria bancrofti, etc. Journ. Trop. Med., 
Nov., 1899. 

Grassi and Dionisit.—lI] ciclo evolutivo degli emosporidi. Rendiconti della R. Accad. dei Lincei, 
1898. 

Mesnit.—Coccidies et paludisme. Revue Gén. des Sciences, 1899. 


Ross.—Report on the nature of kala-azar, dated 13th January, 1899. Government Printing, India, 
Calcutta. 


Report of the Liverpool School of Tropical Diseases, 1899. 

Gies.—A description of the Culicide employed by Major R. Ross. Journ. ‘Trop. Med., 1899. 
Dionisi.—I parassiti endoglobulari dei pipistrelli. Rendiconti della R. Accad. dei Lincei, 1898. 
Ross.—Report on a preliminary investigation into malaria in the Sigur Ghat. Ind. Med. Gaz., 1898. 
Ceri and CasaGranpi1.—Per la distruzione delle zanzare. Ann. d’Igiene Sperimentali, 1899. 
SrracHan.—Notes from Lagos, West Africa. Journ. Trop. Med., 1899. 

GrettetT.—Revue Scientifique, Oct. 21st, 1899, p. 530. 

James. —The collection of mosquitoes, etc. Ind. Med. Gaz., 1899. 


Cornwatt.—The extermination of malaria. Ind. Med. Gaz., Jan., 1goo. 


DESCRIPTION OF TEE Sei ades: 


NOTE.—Plates 1., I1., and ILI. consist of photographs taken mostly from unstained preparations 
preserved in formalin. Formalin accentuates the outline of the zygotes; on the other hand, a small amount of 
detail has been lost in the collotype process. Hence the result is that the photographs show the parasites almost 
exactly as they are seen in fresh preparations of the tissues of the gnat, except that the granules of melanin 
do not come out with sufficient clearness in all the figures. None of the photographs have been in any way 


retouched by hand. 
PLATE I. 


Figure 1 (* §500).—Very small zygotes of Hemameta relicta attached to stomach wall of Culex fatigans. 
The melanin has become enlarged by the formalin. Coloured. 

Figure 2 (* 500).—Very small zygotes of H. relicta attached to stomach wall of C. fatigans. Unstained. 
The melanin is of the natural size. 

Figure 3 (* 500).—Very small zygotes of H. vivax attached to stomach wall of Anopheles costalis. 
Unstained. Melanin scarcely appreciable in the collotype. 

Figure 4 (* 500).—Very small zygotes of H. malarie in 4. funestus. Unstained. 

Figure 5 (* 500).—Small zygotes of Hemomenas precox in A. costalis. Unstained. 

Figure 6 (X 500).—Small zygotes of H. malarie in A. costalis. Unstained. 


PLATE ir 


Figure 7 (* 500).—Larger zygotes of H. relicta in C. fatigans. One well shown protruding into the 
body cavity of the host. Unstained. 

Figure 8 (X 500).—Still larger zygotes of H. vivax in A. costalis, showing great delicacy of the outline. 
Unstained. 

Figure 9 (* 500).—Medium sized zygotes of one of the human species in 4. costa/is. ‘The focal plane 
is taken through one of the blastophores (in the middle of the zygote). The blasts are already 
nearly mature. Unstained. 

Figure 10 (X 500).—A zygote of H. relicta about two-thirds of the full size, protruding into body cavity, 
and containing blasts which are already nearly mature. Unstained. 

Figure 11 (X 500).—A full-sized zygote of H. re/icfa full of mature blasts, many of which are seen to be 
packed side by side (near the lower margin). Unstained. 

Figure 12 (* about 60).—Stomach of C. fatigans with mature zygotes of H. re/icta, as seen by a low power. 


Coloured. 
PLATE III. 


Figure 13 (* 500).—Mature zygote of H. re/icta full of blasts; and also capsule of another (to the left) 
containing ‘ black spores.” Unstained. 


Figure 14 (* about 400).—Blasts and “black spores” of H. relicta in C. fatigans, apparently ejected 
together from the capsule of a zygote. Unstained. ‘The “black spores” do not seem to be 


mature. 

Figure 15 (* 400).—Blasts of H. relicta lying free in the juices of the thorax of C. fatigans. Unstained. 
Many lie in perspective. 

Figure 16 (x 500).—Four blasts of H. re/icta in juices of C. fatigans, dried and stained. 

Figure 17 (* 500).—Blasts of H. re/icta, dried but not stained. 


Figure 18 (x about 400).—Blasts of one of the human Hemameebidz in the salivary gland of A. costalis. 
Unstained. The blasts are closely packed within the salivary cells, and also lie outside the cells, 


within the capsule. 


PEATE wv 
Drawings, by Dr. Fielding-Ould, of the Hamameebide found by him in Azopheles in Sierra Leone. 
Figures 1-9.—Zygotes—apparently of H. vivax. 
Figure 10.—A zygote discharging blasts. 
Figure 11.—Individual blasts. 
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Drawings of Anopheles costalis and Anopheles funestus, Made at the British Museum, 
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